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EXECUTIVE SUMMARY 

This Technical Memorandum No 4, Chemicals of Concern, is part of the Baseline Risk 
Assessment for the Walnut Creek Priority Drainage, Operable Unit No 6 (OU6), located at 
the Department of Energy Rocky Flats Environmental Technology Site (formerly Rocky Flats 
Plant) in Golden, Colorado 

The technical memorandum identifies chemicals of concern that will be included in the 
Human Health Risk Assessment (HHRA) to assess potential health risk from assumed 
exposure to the chief contaminants detected in soil, groundwater, and other media sampled 
in OU6 Chemicals of concern are organic chemicals, metals, or radionuclides that exceed 
background levels, that are not naturally occurring, and that could pose a health threat under 
the assumed exposure conditions They are selected from all analytes detected in each 
medium using risk-based and other screening methods that identify chemicals that would pose 
the greatest risk and therefore warrant inclusion in the HHRA Chemicals of concern also 
provide the focus for transport modeling and remedy selection 

Chemicals of concern were selected for the following media surface soil, subsurface soil, 
groundwater, pond sediment, pond surface water, and stream sediment Chemicals of concern 
in each media were selected on an OU-wide basis, that is, data collected at Individual 
Hazardous Substance Sites (IHSSs) were pooled for each medium so that the chief 
contributors to risk could be identified for the entire OU 

The following steps were used to identify chemicals of concern 

e Metals and radionuclides above background levels were identified as potential 
chemicals of concern and retained for further evaluation 

0 The essential nutrients calcium, iron, potassium, magnesium, and sodium were 
eliminated from further evaluation 
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e Professional judgement, such as geochemical evaluation or statistical analysis, 

was applied to eliminate some analytes as potential chemicals of concern 

0 Chemicals above background levels and detected at 5 percent or greater 

frequency were included i n  concentration/toxicity screens to identify the chief 
contributors to potential risk These were retained as chemicals of concern for 

the HHRA 

0 Chemicals detected at less than 5 percent frequency were not included in the 
selection of OU-wide chemicals of concern but were evaluated in  a separate 

risk-based screen to identify special-case chemicals of concern that warrant 

separate evaluation i n  the HHRA 

Table ES-1 summarizes the chemicals of concern identified for each medium in OU6 

I 
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TABLE ES-1 
ROCKY FLATS OU6 

SUMMARY OF CHEMICALS OF CONCERN 

Subsurface Pond Pondsurface Stream 
Surface Soil Soil Groundwater Sediment Water Sediment 

Chemical of Concern 
Aroclor-1254 X 
Benzo(a)anthracene X 
Benzo(a)pyrene X X X 
Benzo(b)fluoranthene X X X 
Bis(2-ethylhexyl)phthalate X 
Indeno( 1,2,3cd)pyrene X 
Acetone X 
Chloroform X X 
1,2-Dichloroethene X 
Methylene chlonde X X X 
Tetrachloroet hene X 
Tnchloroethene X X 

Antimony 
Banum 
Cobalt 

X 
X 

X 

X 
Silver X X 
Strontium X 
Vanadium X X X 
Zinc X X X 
Nitrate X 

Americium-24 1 X X X X 
Plutonium-239,240 X X X X 
Uranium-23 3,234 X 
Uranium-238 X 

X 
X 

Special - Case Chemicals (*) 
Vinyl chlonde X 

(') Detected at less then 5 percent frequeny, but at relatively high concentration 

Sheet 1 of 1 



EG&G ROCKY FLATS Manual 21 100-WP-OU6 01 
RFVRI Work Plan for OU6 Section Appendix L, Rev 0 

Page 3 of 53 
Effective Date 
Organization Environmental Restoration 

1 0  INTRODUCTION 

This Chemicals of Concern Technical Memorandum is presented as part of the Baseline Risk 
Assessment (BRA) for the Walnut Creek Priority Drainage, Operable Unit 6 (OU6), located 
at Rocky Flats Environmental Technology Site (RFETS) in Golden, Colorado The BRA, 
which consists of the Human Health Risk Assessment (HHRA) and the Environmental 
Evaluation, will be included in the Phase I RCRA Facility Investigation/Remedial 
Investigation (RFI/RI) report for OU6 The RFI/RI is being conducted pursuant to the U S 

Department of Energy (DOE) Environmental Restoration Program, a Compliance Agreement 
among DOE, the U S Environmental Protection Agency (EPA), and the Colorado Department 
of Public Health and Environment (CDPHE), and the Federal Facility Agreement and Consent 
Order (Interagency Agreement), signed in 199 1 

This technical memorandum has been developed to select chemicals of concern to be 
evaluated in the HHRA The HHRA will evaluate potential human health risks for on-site 
and off-site receptors under current land use and potential future land use conditions, 
assuming no remedial action takes place at OU6 Chemicals of concern are organic 
chemicals, metals, or radionuclides that exceed background range, that are environmental 
contaminants, and that could be a significant threat to human health under the exposure 
conditions evaluated Chemicals of concern are identified on an OU-wide basis for each 

medium (e g , groundwater, soil) through which exposure to contaminants could occur The 
identification of chemicals of concern will also help focus the efforts of environmental 
transport modeling, description of the nature and extent of contamination, and remedy 
select ion 

Chemicals of concern are selected for surface soil, subsurface soil, groundwater, pond surface 
water, pond sediment, and stream sediment These media were sampled during the Phase I 
RFI/RI in  accordance with the Phase I RFI/RI Work Plan for Operable Unit 6 (DOE 1992) 
Chemicals of concern are identified on an OU-wide basis, by pooling sample analytical 
results from the various sampling locations for each medium OU6 consists of 19 Individual 
Hazardous Substance Sites (IHSSs), whose locations are shown in Figure 1-1 The IHSSs 

(4047 822 0011 847) (TM4) (08 22 94 407pm)( l )  



EG&G ROCKY FLATS Manual 2 1 100-WP-OU6 0 1 
RFVRI Work Plan for OU6 Section Appendix L, Rev 0 

Page 4 of 53 
Effective Date 
Organization Environmental Restoration 

or IHSS groups and the environmental media sampled at each are listed below IHSS groups 
contain several individual sites, for example, IHSS 142 consists of 10 ponds in the Walnut 
Creek drainage, numbered 142 1 through 142 9 and 142 12 

IHSS or Surface Subsurface Ground- Surface Pond Stream 
IHSS Group Name so11 so11 water Water Sediment Sediment 

141 

142 

143 

156 

I65 

166 

167 

216 

-- 

Sludge Dispersal Area X 

Ponds 

Old Outfall X 

Soil Dump Area X 

Triangle Area X 

Trenches A B,C 

Spray Fields X 

East Spray Field X 

Streams 

X 

X X X 

X X 
X X 

X X 

X X 

X X 

X X 

X 

This technical memorandum IS divided into the following sections Section 2 0 describes the 
general process used to select chemicals of concern Sections 3 0 through 8 0 present 
decision criteria specific to each medium and identify the chemicals of concern selected for 

each medium References are listed in Section 9 0 

Appendix A, "Background Comparison for Metals and Radionuclides," summarizes the 
statistical methodology used to compare OU6 data to background data and includes tables 
showing the results of the statistical tests Statistical tests were used to identify metals and 
radionuclides whose concentrations exceed background levels and which may be 
environmental contaminants These metals and radionuclides are retained for further 
evaluation as potential chemicals of concern 

Appendix B, "Risk-Based Evaluation of Infrequently Detected Chemicals," presents the 
screening of infrequently detected compounds (4 percent detection frequency) to identify 
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those that merit further evaluation as special-case chemicals of concern on the basrs of an 
extremely high concentration in a small area of localized contamination 

Appendix C, "Total Suspended and Dissolved Solids in Groundwater," is included to support 
the discussion of chemicals of concern in Section 5 0 

(4047 822 001 1 843) (TM4) (08 22 94 4 07pm)(l) 
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I 

2 0 CHEMICALS OF CONCERN SELECTION PROCESS 

2 1  OVERVIEW 

The flow chart for selecting chemicals of concern for OU6 is presented i n  Figure 2-1, Process 
for Identifying Chemicals of Concern The process is intended to identify the chief 
environmental contaminants In each medium that could have adverse impacts on public 
health In this way, the risk assessment is focussed on OU6 contaminants that are potentially 
significant health hazards Inorganic compounds whose concentrations are within background 
range or that are essential nutrients or major cations are excluded from the risk assessment 
Organic compounds that would contribute insignificantly to overall risk are identified but are 
not included in  the quantitative risk assessment 

Chemicals of concern were selected on an OU-wide basis for each medium The individual 
steps shown in Figure 2-1 are listed below and described in the following sections 

2 2 Data Evaluation 
2 3 
2 4 

2 5 Frequency of Detection 
2 6 Concentrationfloxicity Screens 
2 7 
2 8 

Background Comparison for Inorganic Compounds 
Essential Nutrient/Major Cation and Anion Screen 

Application of Professional Judgment 
Risk-Based Evaluation of Infrequently Detected Compounds and Identification 
of Special-Case Chemicals of Concern 

2 2 DATA EVALUATION 

2 2 1 Media-Specific Data Sets 

Analytical data from environmental samples collected during the OU6 field sampling program 
and the site-wide sampling programs were used to characterize contamination in OU6 The 
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samples were collected from August 1992 through May 1993 Table 2-1 lists the chemical 

groups and media sampled at each IHSS Table 2-2 lists the target compounds in  each 
chemical group Samples were collected from the following media surface soil, subsurface 
5011, groundwater, pond sediment, pond surface water, stream sediment, and dry sediment 
The number of samples, sampling locations, and other features of the sampling and analytical 
program are discussed in the Phase I RFURI Work Plan for Operable Unit 6 (DOE 1992) 

Surface Soil 

Surface soil samples were collected using the RFP soil method, a composite method in which 
the top 2 inches of soil are collected Samples were collected from the third quarter of 1992 
though the first quarter of 1993 The analytical parameters varied among IHSSs as described 
below 

IHSS 141 (Sludge Dispersal Area) - Forty surface soil samples were collected Samples were 
analyzed for pesticides/PCB, metals, nitrate, and radionuclides 

IHSS 156 2 (Soil Dump Area) - Twenty-two surface soil samples were collected Samples 
were analyzed for metals, radionuclides, and total organic carbon (TOC) 

IHSS 165 (Triangle Area) - Fifteen surface soil samples were collected 

analyzed for metals, radionuclides, and TOC 

Samples were 

IHSSs 167 1 (North Spray Field) - Thirty-two surface soil samples were collected in IHSS 
167 1 and 8 in an area near the South Spray Fields Samples were analyzed for metals, 
radionuclides, and TOC 

IHSS 216 1 (East Spray Field) - Six surface soil samples were collected 
analyzed for metals, radionuclides, and TOC 

Samples were 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)( I )  
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Subsurface Soil 

Subsurface soil samples were collected from the fourth quarter of 1992 through the first 
quarter of 1993 Subsurface soil analytical parameters and depth intervals varied among 
IHSSs, as described below 

IHSS 1562 (Soil Dump Area) - Twenty-two soil borings were drilled 3 feet into the 
undisturbed soil beneath the fill Samples were taken continuously in these soil borings and 
compos1 ted for each 6-foot interval Samples were analyzed for volatile organic compounds 
(VOCs), metals, and radionuclides The thickness of the fill is approximately 7% feet across 
the site 

IHSS 165 (Triangle Area) - Nine soil borings were drilled 3 feet into weathered bedrock 
Two monitoring wells, 76192 and 76292, were drilled to depths of 20 and 22% feet, 
respectively Six-foot composite samples were collected from the soil borings prior to the 
development of monitoring wells Samples were analyzed for VOCs, semivolatile organic 
compounds (SVOCs), metals, and radionuclides 

IHSSs 166 1-3 (Trenches A, B, C) - Twenty-six borings were drilled to 5 feet below the 
bottom of each trench Eight borings were drilled in Trench A, seven borings in Trench'B, 
six borings in the western part of Trench C, and five borings in the eastern part of Trench C 
Samples were analyzed for VOCs, metals, and radionuclides 

IHSSs 167 1 (North Spray Field) - Twenty-three borings were drilled in the North Spray 
Field Nine soil borings were also drilled in the South Spray Field area The soil borings 
were sampled in 2-foot intervals to a depth of 4 feet Samples were analyzed for metals, 
radionuclides, and TOC 

IHSS 216 1 (East Spray Field Area) - Six soil borings were drilled to a depth of 4 feet The 
soil borings were sampled in  2-foot intervals Samples were analyzed for metals, 
radionuclides, and TOC 
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Groundwater 

Groundwater samples were collected from onsite monitoring wells on a quarterly basis under 
a plant-wide groundwater sampling program The plant-wide monitoring program included 
two monitoring wells installed during the OU6 Phase I investigation and wells installed 
during other investigations conducted from 1991 through 1993 

Samples used for evaluation of OU6 groundwater contaminant concentrations were collected 
from the first quarter of 1991 through the fourth quarter of 1993 The number of groundwater 
samples collected by analyte group were 279 samples for VOC analysis (1 1 analyzed by 
method 502 2, 22 analyzed by method 524 2, and 246 analyzed by method VOACLP), 14 

samples for SVOC analysis by method BNACLP, 11 samples for pesticides/PCB analysis by 
PESTCLP, 19 I filtered samples for metals analysis, 107 unfiltered samples for metals 
analysis, 172 filtered samples for radionuclide analysis, 138 unfiltered samples for 
radionuclide analysis, and 279 samples for analysis of water quality parameters (WQPLs) 

Stream Sediments 

Fifteen sediment samples from the stream channels of the A and B Series Ponds were 
collected in May 1993 during the OU6 Phase I investigation Two-foot composite samples 
were collected using a 2-inch diameter core sampler with a hand driver The samples were 
analyzed for VOCs, SVOCs, pesticides/PCBs, metals, radionuclides, and WQPLs 
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Drv Sediments 

Eighteen dry sediment samples were collected in the floodplains of the A and B series ponds 
i n  February 1993 The samples were collected using the RFP soil sampling method The 
samples were analyzed for SVOCs, pesticides/PCBs, metals, radionuclides and WQPLs 

Pond sediments 

Pond sediment samples were collected during the fourth quarter of 1992 as part of the site- 
wide surface water sampling program Each of the ponds were sampled at five locations 
In  each pond, one of the samples was collected within 5 feet of the inlet The second sample 
was collected from the deepest part of each pond The other three samples were collected 
at random locations within each pond Composite samples were collected from 2-foot 
intervals If the sediment depth was greater than 2 feet, an additional sample was collected 
from 2 to 4 feet In total, seven samples were collected from the 2 to 4 foot interval 

Fifty-seven pond sediment samples are included in  the data set Samples were analyzed for 
VOCs, SVOCs, pesticides/PCBs, metals, radionuclides, and WQPLs 

Pond Surface Water 

Pond surface water samples were collected in the third and fourth quarters of 1992 as part 
of the site-wide surface water sampling program Five surface water samples were collected 
from each of the four A Series Detention Ponds, from each of the five B Series Detention 
Ponds, and from the Walnut and Indiana Pond One of the five samples was collected from 
the deepest part of each pond A second sample was collected from within 5 feet of the inlet 
to each pond The two 
remaining samples were collected randomly in  each pond Samples were analyzed for VOCs, 
SVOCs, pesticides/PCBs, filtered metals, unfiltered metals, filtered radionuclides, unfiltered 
rddi on ucl i des and WQPLs 

The third sample was collected within 5 feet of each spillway 
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2 2 2 Data Review and Editing 

The OU6 Phase I field program began in August 1992 and was completed in May 1993 A 
total of 103,000 sample analytical results were reported for OU6 Ninety-two percent of the 
data (or 95,000 results) has been validated by the validation contractor The process used to 
review and edit the OU6 data is described below 

Monthly data deliveries were received from the Rocky Flats Environmental Data System 
(RFEDS) until January 15, 1994 The data deliveries were segregated by validated and 
nonvalidated data After the last delivery, i t  was determined which data were not received 
and which were received but not validated The data identified as being received but not 
validated were merged with the validated data set 

In total, 95 analytical results were not received Of these, 31 were from samples cited as 
having insufficient sample volume (all were for radionuclides) Fifteen were from samples 
received by the laboratory and not yet analyzed (all of these samples are laboratory replicates 
for radionuclides) Twenty-three results were missing because samples were lost during 
shipment to the laboratory Fifteen of these results were associated with three radionuclide 
samples A complete data set for OU6, with the exception of results unreported as of 
January 15, 1994, IS  part of the OU6 Draft Phase I RFI/RI Report (DOE 1994a ) 

Quality control samples, such as equipment rinsates, field and trip blanks, spikes, and 
surrogates were removed from the data set The data were then checked for multiple reported 
results for the same sample When multiple records were identified, RFEDS personnel were 
consulted to assist in determining which results to retain in the data set Field duplicates and 
the associated real sample were identified and averaged, and the average was used as the 
result for that sample 
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The following laboratory data qualifiers were applied by the analytical laboratory to some of 
the results 

The B-qualifier for a metal result indicates that the reported concentration is greater 
than the instrument detection limit (IDL) but less than the contract required detection 
limit  (CRDL) for that analyte These data were used as reported 

The B-qualifier for organics indicates the analyte was found in the method blank and 
the real sample These data were used as reported if they were not qualified as non- 
detect on the basis of laboratory contamination (U-qualified) by the validation 
con tractor 

E-qualified data (exceeded the calibration range) were replaced with the associated 
D-qualified data (diluted to within calibration range), if the D-qualified record was 
received When only the E-qualified result was reported, it was used as reported 

R-qualified (rejected) data were removed from the data set 
were rejected (radionuclides comprised 233 of the rejected results) 
approximately one-half of 1 percent of the data 

For OU6, 555 results 
This represents 

Analytical results were J-qualified if the analyte was positively identified below the 
quantitation limit The result was considered an estimate because of the uncertainty 
associated with detected concentration at low levels Data qualified with a J were 
used as reported 

A U-qualifier assigned to an analytical result indicates that the analyzed chemical was 
not detected above the sample quantitation limit The U-qualifier (applied by the 
laboratory or by the validation contractor) was the primary mechanism used for 
evaluating detection frequency for organic and inorganic constituents 
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For radionuclides, negative values were used as reported, therefore, there were no 

non-detect results for radionuclides 

2 3 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

Analytical results for metals and radionuclides were compared to background levels derived 
from data for subsurface soils, groundwater, seeps/springs, and stream sediment reported in 

the Background Geochemical Characterization Report (DOE 1993) and from background 

surface soil samples collected in  the Rock Creek area during the 1991 OU-1 Phase 111 

investigation and the 1993 OU-2 Phase I1 investigation Metals and radionuclides whose 

concentrations did not exceed background levels were eliminated from further consideration 

as potential chemicals of concern 

Appendix A presents the background comparison methodology in detail and contains 
summary tables of statistical results for metals and radionuclides in  all media The criteria 
used to evaluate whether a metal or radionuclide exceeded background levels are summarized 

here 

a Analytical results for metals and radionuclides were compared to the 

background data using four statistical tests the Quantile test, Slippage test, 
Student’s t-test, and the Gehan test as described in the letter report of Gilbert 

(Gilbert 1993) Test conditions and treatment of non-detect values are 

discussed i n  Appendix A The analyte was considered to be above background 

i f  i t  failed any test at the p 1005 level 

b UTL,,,, comparison Analytical results for each metal and radionuclide were 
compared to the 99 percent upper tolerance limit of background data calculated 

at the 99 percent confidence level (UTL,,,,) The UTL,,,, test is an indicator 
of possible hot spots (Gilbert 1993), but with large sample sizes of one to two 
hundred, i t  is to be expected that one or two data points would exceed the 
UTL,,,, value Nevertheless, i f  any result exceeded the UTL,,,,, the analyte 
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was identified as a potential chemical of concern, subject to spatial and 

temporal analysis 

2 4 ESSENTIAL NUTRIENTIMAJOR CATION AND ANION SCREEN 

Calcium, iron, magnesium, potassium, and sodium were eliminated from further consideration 

as chemicals of concern because they are essential nutrients, they occur naturally in  the 

environment, and they are toxic only at very high doses Anions in groundwater other than 

nitrates were not evaluated 

2 5 FREQUENCY OF DETECTION 

All organic compounds and metals above background levels were evaluated for frequency of 
detection Compounds that were detected at a frequency of 5 percent or greater were 
considered potential OU-wide chemicals of concern These compounds were included i n  

concentration/toxicity screens to identify compounds that could contribute significantly to total 

risk (see Section 2 6) Compounds detected at less than 5 percent frequency can be 
eliminated from further consideration because the compound is not characteristic of site 

contamination and the potential for exposure is low Nevertheless, maximum concentrations 

of infrequently detected organic compounds and metals were compared to risk-based 

concentrations as described in  Section 2 8 to identify isolated or highly localized occurrences 

of high concentrations of chemicals (1 e ,  hot spots) that could pose a health risk if routine 

exposure were to occur These chemicals were retained as special-case chemicals of concern 

for evaluation i n  the risk assessment Since there were no non-detect results for radionuclides 
(negative values were used as reported), radionuclides were considered to be detected at 

100 percent frequency 
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2 6 CONCENTRATION/TOXICITY SCREEN 

Chemicals of concern in each medium were selected using concentration/toxicity screens for 
noncarcinogens, carcinogens, and radionuclides The screens included organic chemicals and 
inorganics above background levels that were detected at 5 percent frequency or greater The 
purpose of applying the screen is to focus the risk assessment on the chief contributors to 
potential risk To perform the screen, each chemical in a medium (such as groundwater) is 
scored according to its maximum detected concentration and toxicity to obtain a risk factor 
The risk factor for noncarcinogenic effects is the maximum detected concentration divided 
by the EPA Reference Dose (RfD) for that chemical The risk factor for carcinogenic effects 
(and for radionuclides) is the maximum detected concentration (or activity) multiplied by the 
EPA cancer slope factor (SF) for that chemical (or radionuclide) The chemical-specific risk 
factors are summed to calculate total risk factors for the noncarcinogenic, carcinogenic, and 
radioactive chemicals of potential concern in each medium The ratio of the risk factor for 
each chemical to the total risk factor is called a risk index, the risk index approximates the 
relative risk associated with each chemical in the medium Separate concentration/toxicity 
screens were performed for carcinogenic and noncarcinogenic effects of organic compounds 
and metals and for carcinogenic effects of radionuclides 

Each chemical that comprised 1 percent or more of the total risk factor was considered a 

chemical of concern for evaluation in the quantitative risk assessment This approach reduces 
the number of chemicals to be carried through a risk assessment However, the approach IS 
conservative (health protective) because it retains some chemicals that contribute as little as 
1 percent of the total potential risk in that medium In most cases, only a few chemicals 
contribute the majority of potential risk in each medium 

EPA-recommended toxicity factors (RfDs and cancer SFs) were used in the concentration/ 
toxicity screens When toxicity values were available for both inhalation and oral exposure 
routes, the more conservative value was used in  the screen, unless that route was negligible 
(these exceptions are noted in  the concentration/toxicity values) SFs and RfDs were 
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determined from IRIS (EPA 1994), HEAST (EPA 1993) and other EPA sources if available 
The toxicity factors used in the screens are listed in Tables 2-3 and 2-4 

EPA-established toxicity factors are not available for some of the potential chemicals of 
concern Therefore, these analytes cannot be included in the concentration/toxicity screens, 
in other toxicity-based screens, or in the quantitative risk assessment OU6 contaminants 
without toxicity factors were identified for each medium and are listed in each section The 
potential impact of these compounds on overall risk will be addressed qualitatively in the 
human health risk assessment 

2 7 APPLICATION O F  PROFESSIONAL JUDGMENT 

Professional Judgment was used at two points i n  the process of selecting chemicals of concern 
for health risk assessment 

1 Exclusion of some potential chemicals of concern based on log-normal 
UTL99,9 comparison The background UTLs,,,, presented in the Background 
Geochemical Characterization Report (DOE 1993) were calculated assuming 
that the background data were normally distributed This assumption may not 
be appropriate for all analytes Concentrations of some analytes were within 

background range according to the formal statistical tests, but one or two 
results exceeded the background UTL,,,, This resulted in identifying the 
analyte as a potential chemical of concern For some of these analytes, the 
distribution of the background data were tested If the better fi t  was to a log 
normal distribution, the UTL9,,, was recalculated based on log-normal 
distribution and the site results were compared to the log-normal-based 

UTL,,,, This resulted i n  removing some analytes as potential chemicals of 
concern These are noted in  the tables in Appendix A 

2 Spatial/temporal and geochemical evaluation The spatial and temporal 
distribution and geochemical characteristics of certain metals and radionuclides 
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identified as being above background levels were evaluated to support a 
conclusion as to whether they were likely to be naturally occurring or due to 
environmental contamination For example, manganese in groundwater was 
concluded to be naturally occurring based on spatial, temporal, and 
geochemical evaluation This judgment process resulted in removing several 
metals and radionuclides as potential chemicals of concern in various media 
All such professional judgment is described in each section, where relevant 

2 8 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS AND IDENTIFICATION OF SPECIAL-CASE 

CHEMICALS OF CONCERN 

Chemicals detected infrequently (in less than 5 percent of all samples in  the medium) can 
usually be eliminated from consideration as chemicals of concern because they are not 
characteristic of site contamination and the potential for exposure is low However, these 
compounds were further screened so as not to neglect an infrequently detected compound that 
could contribute significantly to risk if routine exposure to a hot spot were to occur In this 
analysis, maximum measured concentrations were compared to screening levels equivalent 
to IO00 times risk-based concentrations (RBCs) (DOE 1994b) This analysis is summarized 
below and is presented in  detail in  Appendix B 

For screening purposes, RBCs were defined as chemical concentrations associated with an 
excess cancer risk of l o 6  ( I  in 1 million) or a hazard index of one for noncarcinogenic 
effects, assuming residential exposure to surface soil and groundwater and assuming 
construction worker exposure to subsurface soil Any infrequently detected chemical 
measured at a concentration greater than 1000 times the respective RBC was identified as 
representing a potentially significant health threat if exposure were to occur and was included 
in the list of special-case chemicals of concern for evaluation in the risk assessment 

RBCs for chemicals in surface soil were calculated assuming multiple pathway exposure 
(ingestion and inhalation of particulates) RBCs for chemicals in subsurface soil were 

(4047 822 001 1 843) (TM4) (08 22 94 4 07pm)(l) 
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calculated assuming ingestion of soil and inhalation of particulates and VOCs RBCs for 

chemicals in groundwater were calculated assuming ingestion of water and inhalation of 
VOCs The exposure parameters used to calculate RBCs are presented in Appendix B 
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TABLE 2-2 
OU6 PHASE I RFI/RI ANALYTICAL PARAMETERS 

TARGET ANALYTE LIST (TAL) - METALS 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron, Total, Dissolved 
Lead 
Magnesium 
Manganese, Total Dissolved 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

ADDITIONAL - METALS 
Cesium 
Lithium 
Molybdenum 
Silicon 
Strontium 
Tin 

GRAPHITE FURNACE ATOMIC ABSORPTION 
(GFAA) - METALS 

Cadmium 
Copper 
Iron, Total 
Lead 
Manganese 
Silver 
Zinc 

TARGET COMPOUND LIST (TCL) - VOCS 
Chloromethane 
Bromomethane 
Vinyl chlonde 
Chloroethane 
Methylene chlonde 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
total 1,2-Dichloroethhene 
C hlorofonn 
1.2-Dichloroethane 
2-Butanone 
1 , 1 , 1 -Tnchloroethane 
Carbon tetrachlonde 
Vmyl acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
cis- 1,3-Dichloropropene 
Tnchloroethene 
Dibromoc hloromethane 
1,1,2-Trichloroethane 
Benzene 
trans- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methy 1-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

TCL - SVOCS 
Phenol 
bis(2-Chloroethy1)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 

(4M7-822-0011643) ( lBL2 2 wpf) (Ogn2/94 2 5lpnXl) Sheet 1 of 3 



TABLE 2-2 
(continued) 

1,2-Dichlorobenzene 
2-Me thy lphenol 
bis(2-Ch1oroisopropyI)ether 
4 -Methy lphenol 
N-Nitroso-di-n-dipropy lamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
bis(2-Chloroe thoxy)methane 
2,4-Dichlorophenol 
1,2,4-TrichIorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-C hloro-3 -methy lphenol 

(para-c hloro-meta-cresol) 
2-Methylnaphthalene 
Hexac hlorocy clopentadiene 
2,4,6-Tnchlorophenol 
2,4,5-Tnchlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthy lene 
2,6 -Dinitroto luene 
3 -Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4 -Nitroaniline 
4 6-Dinitro-2-methylphenol 
N-Nitrosodipheny lamine 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-buty lphthalate 
Fluoranthene 

Pyrene 
Butylbenzylphthalate 
3.3'-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexy1)phthala te 
Di-nscty lphthalate 
Benzo(b)fluoranthene 
BenzoQfluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)pery lene 

TCL - PESTICIDESPCBs 
alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 

Endnn 
Endosulfan 11 

Endosulfan sulfate 

Methoxychlor 
Endnn ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor- 10 16 
Aroclor-122 1 
Aroclor-1232 
Aroclor-I242 
Aroclor-I248 
Aroclor- 1254 
Aruclor- 1260 

4,4'-DDE 

4,4'-DDD 

4,4'-DDT 
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TABLE 2-2 

(concluded) 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233+234,235, and 238 

(each species) 
Amencium 241 
Plutonium 2391240 
Tritium 
Cesium 137 Total 
Strontium 89 + 90 Total 

TOTAL ORGANIC CARBON (TOC) 
NITRATEMITRITE AS N 

FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Barometric Pressure 

WATER QUALITY PARAMETER LIST (WQPL) 
Chloride 
Fluoride 
Sulfate 
Carbonate 
Bicarbonate 
Total Dissolved Solids 
Total Suspended Solids 

ADDITIONAL PARAMETERS FOR IHSS 
142 1-9 AND 12 WATER SAMPLES 

Doc 
Silicon 
Alkalinity 

(4047812401 1-843) (TBLZ 2 rpl) (oSn"94 4 4lpn)(l) Sheet 3 of 3 



TABLE2-3 
ROCKY FLATS OU6 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

Evldence 
c 

Slope Factors EPA Cancer Reference Doses 

lnhalahon (*) 
140E 01 

Analyte 
1 1 Ihchloroethane 
1 1 Ihchlomethene 
1 2 4 Tnchlorobenzene 
I 2  hchloroethane 
12 bchloroethene 
CIS 1 2 bchloroethene 
1 4  Dchlorobenzene 
2 Butanone 
2 Chlorphenol 
4 Methyl 2 pentanone 
4 Methylphenol 
Acenaphthene 
Acetone 
Aldrui 
Alutncnum 
Anthracene 
Antunony 
AJ3erUC 

Banum 
Benzene 
Berm(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Henzo(k)fluoranthene 
Henzo~c acid 
Benzyl ilcohol 
BCrylllUrll 
Bis(2 ethylhexyl)phthdatt 
Butylbenzene (sec tert) 

Butyl benzylphthalate 
Cadrmum (food) 
Cadmium (water) 

Carbon disulfide 
Carbon tetrachlonde 
Chlorobenzene 
Chlnrofomi 
( hroiiiiuin 111 
( hry\enr 

ohalt 
Ih 11 Imtylphthalate 
Ih n nctylphthdate 
I)rbenzo(a,h)anthracene 
Ihethyl phthalate 
Ethylbenzene 

Oral 

6 OE 01 (1) 

9 1E 02 (1) 

2 4E 02 (2) 

1 7E+01 (1) 

1 7E+00 (7) 

2 9E 02 (1) 
7 3E 01 (4) 
7 3E+W (4) 
7 3E 01 (4) 
7 3E 02 (4)  

4 1E+00 (1) 
14E 0211) 

13E Ol(1) 

6 1E 01 ( I )  

7 lE 02 (4) 

7 3E+00 (4) 

Inhalation 

17E 01 ( I )  

9 1E 02 (1)  

17 1E+00 (1) 

15E+01 (7) 

2 9E 02 (1) 

8 4E+00 ( 1 )  

6 3E+00 (1) 

5 2E 02 (1) 

8 OE 02 ( I )  

c 

B2 

c 
D 

B2 

A 

A 
B2 
B2 
B2 
B2  

82 
B2 

C 
B1 
B1 

8 2  

B2 

B2 

D 
D 
8 2  

D 

Oral 
1 OE 01 (2) 
90E03(1) 
1 OE 02 (1) 

9 OE 03 (2) 
1 OE 02 (2) 

6 OE 01 ( I )  
5 OE 03 ( 1 )  
5 OE 02 (2) 
5 OE 03 (6) 
6 OE 02 ( 1 )  
1 OE 01 (1) 
3 OE 05 (1) 
2 9E+W (6)  
3 OE 01 (1) 
4 OE 04 (1) 
3 OE-04 (1) 
7 OE 02 (1) 

4 OE+OO (1) 
1 OE 01 (2) 
5 OE 03 (1) 
20E 02(1) 
1 OE 02 (6) 
2 OE 01 (1)  
1 OE 03  (1) 
50E04(1) 
1 OE 01 (1) 
7 OE 04 (1)  
2 OE 02 ( 1 )  
1OEO2(1) 
I 0E+oO (1) 

6 OE 02(6) 
1 OE 01 (1) 
2 OE 02 (2) 

8 OE 01 (1)  
1 OE 01 (1) 

3 00E-03 

2 30E 01 
3 OOE 01 

2 30E 02 

1 40E 04 

290E 07 

5 70E 03 

3 OOE 01 
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TABLE 2-3 
(Concluded) 

Anal* Oral Inhalahon EVldenCJ2 Oral 
Fluomthene 4 OE 02 (1) 
Fluorene 4 OE 02 (1) 
gamma BHC 3 OE 04 (1) 
Heptachlor epoxide 9 1E+00 (1) 9 1E+00 (1) B2 13E 05 ( I )  
Indenn(l2 7 cd)pyrcne 7 3E 01 (4) B2 
Lirhium 2 OE 02 (6) 
M a ~ k ~ r \ r  (food) D 14E 01 (1) 
Manganese (wiier) D 5 OE 03 ( I )  
Mercury D 3 OE 04 (2) 
Methylene chlonde 7 5E 03 ( I )  16E 03 ( 1 )  B2 6 OE 02 (1) 
Molybdenum 50E 03 (1) 
Naphthalene 4 OE 02 (6) 
Nickel (salts) 20E02(1) 
Nitrate 16E+00(1) 
Pentachlorophenol 12E Ol(1)  B2 3 OE 02 ( 1 )  
Phenol D 6 OE 01 (1) 
Polychlonnated hphenyls 7 7E+00 (1) B2 
Pyrene D 3 OE 02 ( I )  
\clrnlum ?OE 01 (1) 
\ilvzr t) 5 0E 03 (1) 
\ ~ l l J l l l l U l l l  6 Ob 01 (1) 
\tyrenr 20E 01 (1) 
Tetrad~lorozthenr '5 2E 02 (5) 2 OE 03 (5) B2 I OE 02 (1 )  
Thallium (oxide) 7 OE 05 (2) 
TUI 6 OE 01 (2) 
Toluene D 2oE 01 (1) 
Tnchloroethene 1 1E 02 (5) 6 OE 03 (5) B2 
Xylenes 2 OE+OO ( 1 ) 
Vanadium 7 OE 0 3  (2) 
Zlnc D 3 OE 01 (1) 

lnhalaoon (*) 

1 40E 05 

9 OOE 05 
900E 01 

2 86E 01 

1 10E 01 

\ourws 
(1) = IRIS 
(2) = HEAST IYY3 and Supplement (EVA 19Y3a) 
(3) = HEAST 1993 Table 2 (EPA 1997a) 
(4) = (JPA 1993b) 
(5) =Joan S DoUarhide Superfund Health IZlsk Techntcal Support Center "Carcmogenictty Charadenzation of 

(6) = Provisional values for alummum, butylbenzene cobalt hhum and naphthalene USEPA ECAO 
(7) = Conveaed from IRIS umt nsks Oral proposed U R = 5 OOE 05/ugL Inhalaion U R = 4 30E 03hrglm3 

* Calculated from RfC RfD = RfC x 2Om3/day/7Okg 

Perchloroethylene (PERC) and Trichloroethylene (TCE) (Luke Air Force Base Anzona) ECAO 

Oral SF = 5 OOE 05 x 1090ug/mg x 70kgDL Inhalation SF = 4 30E 03~g/m3x1000ug/mgx7ok~Om3 

Group A 

Group B Prohihle hUJndn c,~.cinogen 

Hutn,m carcinogen (sufficient evidence of cminogenicity in hum,ms) 

B 1 Lunited evidence 01 ~~ucinogenicity in hummnb 
B2 Suifiuent evidenm of cmcmogenicity in Lmulnnaiq with inadequItte or 1 

Possible human carcmogen (lmted evidence of carcmogemcity in arumc 
madequate or lack of human data) 
Not classlfiable as a human carcmogen (madequate or no eviden~e) 
Evidence of noncarcmogen for humans (no evidence of carcmogemcity 

evidence in h u m m  
Group C 

Group D 
Group E 

madequate stules) 

(41M7 822 W11 843) lTBL2 JXLS)  03/22/94 1 35 PMWI) Sheet 2 ot 2 
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TABLE2-4 
ROCKY FLATS OU6 

SLOPE FACTORS 
FOR RADIONUCLIDES 

EPA Cancer 
Ord Inhalation External Weight of 

Andyte (Risk/pCi) (Rlsk/pC1) (Risk/yr/pCl/g) Evidence 
Amencium-24 1 2 4E- 10 3 2E-08 4 9E-09 A 
Cesium- 137 +D 2 8E-11 19E-12 2 OE-06 A 
Plutonium-239 2 3E-10 3 8E-08 17E-11 A 
Plu tonium-240 2 3E-10 3 8E-08 27E-11 A 
Radium-226 +D 12E-10 3 OE-09 6 OE-06 A 
Radium-228 +D 1 OE-10 6 9E- 10 2 9E-06 A 
Strontium-89 3 OE-12 2 9E-12 4 7E-10 A 
Stront~um-90 +D 3 6E-11 6 2E-11 0 OE+OO A 
Tntium 5 4E- 14 7 8E- 14 0 OE+OO A 
Urmium-233 234 * 16E-11 2 6E-08 3 OE-11 A 
Ur~ium-235 +D 16E-11 2 5E-08 2 4E-07 A 
Urmum-278 +D 2 8E-11 5 2E-OS 3 6E-08 A 

Source HEAST 1993 (EPA 1993a) 

* = Slope factors shown are for U-234 
+D = Risks from radioactive decay products lncluded 

(4047 822 001 1 84 %) (TRLZ 4 XLS) (X//?2/94 3 36 PM) Sheet 1 of I 
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Environmental Restoration 

3 0 SURFACE SOIL CHEMICALS OF CONCERN 

3 1 SURFACE SOIL DATA SET 

Chemicals of concern in surface soil were selected using data collected at all OU6 IHSSs at 
which surface soil samples were collected, with the exception of samples collected at the Old 
Outfall (IHSS 143) The Outfall data are omitted from this OU-wide chemicals of concern 
determination because special physical features of the Old Outfall and its location within the 
industrialized portion of RFETS indicate that a separate evaluation of this IHSS is warranted 
The Old Outfall is a small site located approximately 10 feet below ground surface within the 
industrialized portion of the plant, surface and near-surface soils at this site are fill brought 
in for grading As is being done for all OU6 IHSSs, the nature and extent of contamination 
detected in  soil and groundwater samples collected at IHSS 143 will be evaluated in the OU6 
RI/RFI report, and, as is being done for all OU6 contaminant source areas, maximum 
contaminant concentrations detected at the Old Outfall will be compared to risk-based 
screening concentrations to estimate potential health risk (The risk-based screen for OU6 
source areas is contained in a separate letter report [DOE 1994~1) However, if further 
evaluation of potential health risk at the Old Outfall is warranted based on results of the nsk- 
based screen, the evaluation will be conducted separately from the BRA for OU6, and 
remediation of the Old Outfall, if warranted, will occur under OUS, which includes portions 
of the industrialized area Therefore, surface and subsurface soil sample results from IHSS 
143 were not included in the selection of OU-wide chemicals of concern in soil Maximum 
contaminant concentrations detected in surface and subsurface soil at IHSS 143 are shown 
for information purposes in  Table 3-1 

The data set for selecting OU-wide chemicals of concern in surface soil includes samples 
collected at IHSSs 141 (Sludge Dispersal Area), 156 2 (Soil Dump Area), 165 (Triangle 
Area), 167 1 (North Spray Field), and 216 1 (East Spray Field) The data set includes 119 
surface soil samples that were analyzed for metals and anywhere from 18 to 125 samples 
analyzed for various radionuclides In addition, 55 surface soil samples at the Sludge 
Dispersal Area (IHSS 141) and the Triangle Area (IHSS 165) were anaIyzed for 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 
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pesticides/PCBs The sampling and analytical program is summarized in Tables 2-1 and 2-2 
The number of samples for each inorganic analyte are listed in the Background Comparison 
Summary Tables in Appendix A 

3 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 3-2 and 3-3 summarize the maximum detected concentrations and detection 
frequencies for organic compounds and metals, and the results of the background comparison 
for metals in  OU6 surface soil samples The statistical comparisons to background data are 
presented i n  detail i n  Appendix A Only molybdenum and Aroclor-1254 were detected at less 

than 5 percent frequency (I  e , both negative and positive results are retained in the data set) 
Radionuclides are assumed to be detected at 100 percent frequency (1 e , both negative and 
positive results are retained in the data set) Radionuclides identified as potential chemicals 
of concern based on the background comparison are listed in the concentration/toxicity screen 
in  Table 3-5 

Background surface soil data consist of analytical results from samples collected at 18 
locations in  the Rock Creek area Nine of the sites were sampled in February 1992 and the 
remaining nine sites were sampled in March 1993 All background and OU6 surface soil 
samples were collected using the RFP method, a composite method In which the top 2 inches 
of soil are collected 

Metals and radionuclides that were detected at 5 percent or greater detection frequency and 
that were identified as potential chemicals of concern on the basis of the statistical 
background comparison or exceedances of the background UTL,,,, were included in 

concentrattonltoxtcity screens to select OU-wide chemicals of concern 

Copper and lead were detected above background levels in surface soils but do not have EPA 
toxicity factors and, therefore, cannot be evaluated in  a toxicity- or risk-based screen The 
potential contribution of these metals to overall risk will be evaluated qualitatively in the risk 
assessment Maximum concentrations of these metals were relatively low (copper = 62 

(4047 822 001 I 841) (TM4) (08 22 94 4 07prn)(l) 
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Page 

mg/kg, lead = 69 mg/kg) and are not expected to have adverse health effects If the detected 
lead levels in  soil were at a level of concern, the potential for adverse effects in children will 
be estimated using EPA's Integrated Exposure Uptake Biokinetic Model for Lead (EPA 
1994b) However, lead levels in surface soil do not appear to warrant quantification of 

adverse effects, since the maximum concentration of 69 mg/kg is well below the residential 
screening level of 400 mg/kg (EPA 1994c) 

3 3 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for surface soils are presented in Table 3-4 (noncarcinogens) 
and Table 3-5 (radionuclides) No carcinogenic metals were among the potential chemicals 
of concern based on background comparison, therefore, there is no concentration/toxicity 
screen for carcinogens (An inhalation cancer slope factor specific to nickel subsulfide, which 
occurs in nickel refinery dust, is available However, it is considered inappropriate to apply 
the inhalation cancer slope factor for nickel subsulfide to nickel detected in soil at Rocky 
Flats because no nickel refining occurred at Rocky Flats, and nickel in soils at Rocky Flats 
most likely occurs in native minerals or salts or i n  anthropogenic salts related to industrial 
processes other than refining Therefore, nickel is not evaluated as a carcinogen ) 
All analytes that contribute at least 1 percent of the total risk factor are retained as OU-wide 
chemicals of concern OU-wide chemicals of concern for surface soil are listed below and 
i n  Table 3-6 

OU-Wide Chemicals of Concern 
Surface Soil 

Antimony 
Silver 

Vanadium 
Zinc 

Plutonium-239 240 
Americium-24 1 

(4047 822 001 1 843) (TM4) (08 22 94 4 07pm)( I )  
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The distribution of these chemicals of concern in surface soil is shown in Figures 3-1 through 

3-6 (results above background mean plus two standard deviations are shown) Antimony and 
zinc exceeded background levels according to one or more of the four formal statistical tests 

(quantile, slippage, t-test, or Gehan tests) described in Appendix A Silver and vanadium did 

not exceed background levels according to the formal statistical tests, but silver had one result 

above the background UTL,,,, (in IHSS 141, Sludge Dispersal Area) and vanadium had four 
results above the UTL (In IHSS 141, Sludge Dispersal Area, and IHSS 1562, Soil Dump 

Area) 

Plutonium and americium results exceeded background levels according to the formal 
statistical tests, and maximum concentrations at each IHSS exceeded the background UTL,,,, 

Summary data for chemicals of concern in  surface soil at each IHSS are listed below 

Concentration Ranges of Chemicals of Concern in Surface Soil, mg/kg or pCi/g 

IHSS Antimony Silver Vanadium Zinc Pu Am 

Bknd UTI.. 50 10 55 6 86 6 0 133 0 060 
IHSS Bknd Mean+2SD 35 7 1  43 7 71 0 094 0 039 

141 Sludge Dispersal 8-53 67-76 73-650 0 14- 10 025-1 8 

156 2 Soil Dump 39-44 44-65 72 0 10-1 8 0 042-0 301 

165 Triangle 75-1 17 0 09-15 0 061-3 24 

167 1 North Spray 
Field 

0 10-1 85 0039-1 15 

216 1 East Spray Field 0 38-0 76 0 058-0 192 

- No results above background mean + 2 standard deviations (SD) 

(4047 822 001 1 841) (TM4) (08 22 94 407pm)(l) 
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3 4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS 

Maximum concentrations of Aroclor-1254 and molybdenum (each detected at 1 percent 
frequency) were compared to values equivalent to 1000 times chemical-specific RBCs The 
RBCs were calculated assuming residential exposure to surface soil and are used to identify 
special-case chemicals of concern that could pose a health risk if long-term exposure were 
to occur to maximum concentrations present in a highly localized area The screen is 
discussed in Appendix B and the results for surface soil are presented in  Table B-1 

None of the maximum concentrations of chemicals detected at low frequency in surface soil 
exceeded the 1000 times RBC value Therefore, there are no special-case chemicals of 
concern i n  surface soils for OU6 

(4047 822 001 I 841) (TM4) (OB 22 94 4 07pm)(I) 



TABLE3-1 
ROCKY FLATS OU6 

MAXIMUM CONCENTRATIONS OF DETECTED ANALYTES 
IHSS 143 (OLD OUTFALL) 

SURFACE AND SUBSURFACE son, 

Surface Soil Subsurface Soil 

Organics and Metals ( m g k g )  
Acenaphthene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Benzoic acid 
Beryllium 
Bis(2-ethylhexyl)phthalat 
Cadmium 
Cesium 
Chromium 
Chrysene 
Cobalt 
Copper 
Dibenzo(a,h)anthracene 
Dibenzofiran 
Fluoranthene 
Fluorene 
Indeno( I,2,3-cd)pyrene 
Lead 
Lithium 
Manganese 
Mercury 
Naphthalene 
Nickel 
Phenanthrene 
Pyrene 
Selenium 
Strontium 
Thallium 
Vanadium 
Zinc 

Radionuclides (pCi/g) 
Plutonium-2 3 9/240 
Uranium-233/234 
Uranium-235 
Uranium-238 

0 51 
16900 

0 66 
6 6  
170 
1 8  
2 3  
3 2  

0 89 
1 2  

0 45 
1 3  

0 22 
0 75 
33 4 
17 7 
1 6  

12 9 
17 8 
0 2  

0 085 
2 7  

0 24 
0 89 

31 
10 8 
3 74 

0 07 
0 12 
20 3 

1 8  
2 8  
0 4  

53 8 
0 28 
45 5 
85 4 

0 52 
125  
0 05 
1 16 

Organics and Metals (mg/kg) 
2-Butanone 
Acetone 
Aluminum 
Arsenic 
Banum 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzoic acid 
Beryllium 
B1s(2-ethylhexyl)phthalate 
Cadmium 
Cesium 
Chromium 
Chrysene 
Cobalt 
Copper 
Di-n-octylphthalate 
Fluoranthene 
Indeno( 1,2,3-cd)pyrene 
Lead 
Lithium 
Manganese 
Mercury 
Methylene chloride 
Nickel 
Phenanthrene 
Pyrene 
Selenium 
Strontium 
Thallium 
Toluene 
Vanadium 
Zinc 

Radionuclides (pCdg) 
Amercium-24 1 
Plutonium-239/240 
Uranium-233,-234 
Uranium-23 5 
Uranium-238 

(4047 822.001 I 843KTBL3 1 XLSXW2W94 8 40 AM) 

0 018 
0 17 

14400 
7 8  

1150 
02 

0 17 
0 21 

0 095 
1065 

1 4  
0 41 
0 75 
13 6 
13 9 
0 2  

16 9 
23 6 

0 068 
0 45 

0 088 
23 1 

16 
343 5 
0 93 

0 013 
26 1 
0 23 
0 46 
0 61 
279 
0 51 

1055 
43 1 

100 85 

0 0361 
0 2612 

1843 
0 0778 

1518 
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TABLE 3-2 
ROCKY FLATS OU6 

METALS DETECTED AT 5% OR GREATER FREQUENCY 
SURFACE SOIL"' 

MLwunum Detected Detecuon 
Concentration Frequency Inorg'mc 

Chemi~al (mg/kR) o/o POC 7(*' 

Aluminum 24100 100 No 
Antunony 43 6 47 Yes 
Arsemc 1 1  100 No 
Banum 272 100 No 
Beryllium 1 5  90 No 
Cadmium 6 4  41 NO 
Cesium 35 4 86 No 
Chromium 35 1 99 Yes 
Cobalt 20 7 100 Yes 
Copper 61 6 100 Yes 
Lc1d 68 7 100 Yes 
Lithium 18 1 95 No 
Manganese 823 100 No 
Mercury 0 34 41 Yes 
Nickel 22 5 95 Yes 
Seleruum 1 3  35 No 
Silver 52 7 8 Yes 
Strontium 255 100 Yes 
Th,illium 0 55 44 NO 
Tin 38 7 5 NO 

V,m,tdium 75 9 100 Yes 
Zinc 650 100 Yes 
"'Excludmg Old Outfdll (IHSS 143) 

Based on background companson (Append= A) 
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TABLE 3-3 
ROCKY FLATS OU6 

METALS AND PESTICIDES/PCBs DETECTED AT 
LESS THAN 5 9% FREQUENCY 

SURFACE SOIL‘” 

Maxlmum Detected Detecuon 
Concentration Frequency Inorgaruc 

Chemical ( m a g )  % poc 3 (2) 

Aroclor- 1254 0 425 1 
Molybdenum 9 9  1 Yes 
( I )  Excludmg Old Outfall (IHSS 143) 

Based on background cornpanson (Appendix A) 
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TABLE 3-4 
ROCKY FLATS OU6 

CONCENTRATIOND'OXICITY SCREEN 
SURFACE SOIL''' 

NONCARCINOGENS 

Maximum 9% 
Detected Inhalation Oral k s k  k s k  of TotJ 

Chemial Conc (in&$ RfD RfD F'tcror Index Risk Fmor 
Ant un on y 43 6 nlct 40E-04 11E+05 80E-01 80 4 
Vnnadium 
Silver 

75  9 nIct 7 OE-03 1 1E+M 8 OE-02 8 0 
52 7 n/,i 5 OE-03 1 1E+04 78E-02 7 8  

Zlnc 650 nla 3 0E-01 2 2E+03 1 6E-02 1 6  
Mercury 0 34 nla 3OE-04 11E+03 84E-03 0 8  
Nickel 
Strontium 
Cobalt 

22 5 nfa 2 OE-02 1 1E+03 8 3E-07 0 8  
255 nla 6 OE-01 4 3E+02 3 1E-03 0 3  
20 3 nla 6 1E-02 3 3E+02 2 5E-03 0 2  

Chromium 111 35 1 nla 1OE+O0 35E+01 26E-04 0 0  
Tot11 Risk Fxtor 14E+05 

RfTh *ue In unit5 of mg/kg-d,ty 
nld = nor civ&thle 
( * )  Excludmg Old Outfall (IHSS 143) 
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TABLE 3-5 
ROCKY FLATS OU6 

CONCENTRATION/TOXICJTY SCREEN 
SURFACE SOIL"' 
RADIONUCLIDES 

M,iximum %I 

Detected Inhalation Oral h s k  h s k  of Total 
Chemicd Conc (pCi/g) Slope F'tctor Slope Factor Factor Index h s k  Factor 
Plutonium-239 240 15 22 3 8E-08 2 3E-10 4 OE+08 8 0E-01 79 8 
Amencium-24 1 3 243 3 2E-08 2 4E-10 1 OE+08 2 OE-01 20 2 

Total k s k  Factor 5 OE+08 

Slope factors are in units of l/pCi 
( I )  Excludmg Old Outfall (IHSS 143) 
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TABLE3-6 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
SURFACE S O L  (') 

Antun ony 
Silver 
Vanadium 
Zinc 

' Excluding Old Outfall (IHSS 147) 
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4 0 SUBSURFACE SOIL CHEMICALS OF CONCERN 

4 1 SUBSURFACE SOIL DATA SET 

Chemicals of concern i n  subsurface soil were selected using data collected at all OU6 IHSSs 
where subsurface soil samples were collected except the Old Outfall (IHSS 143) because, as 

explained i n  Section 3 1, it is proposed to evaluate this IHSS separately from the baseline risk 

assessment for OU6 Subsurface soil samples from the Old Outfall were therefore excluded 

from the data set for selecting OU-wide chemicals of concern IHSSs included in the 

subsurface soil data set are IHSS 166 (Trenches A, B, and C), 156 2 (Soil Sump Area), 165 
(Triangle Area), 167 1 (North Spray Field), and 216 1 (East Spray Field) All samples used 

for selection of chemicals of concern and i n  the background comparison were collected above 
the water table Samples collected below the water table were not included i n  the data set 

to avoid including constituents transported by groundwater 

Over 200 subsurface soil samples were analyzed for metals and radionuclides Approximately 

380 samples were analyzed for volatile organic compounds Semivolatile organic compounds 

were also analyzed for i n  34 samples collected at the Triangle Area (IHSS 165) The 

sampling and analytical program at each IHSS is summarized in  Tables 2-1 and 2-2 

4 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 4- 1 and 4-2 summarize the maximum detected concentrations and detection 

frequencies for organic compounds and metals and the results of the background comparison 

for metals i n  OU6 subsurface soil samples Background data for subsurface soils were taken 

from the Background Geochemical Characterization Report (DOE 1993) The statistical 
comparisons of inorganic results to background data are presented i n  detail i n  Appendix A 

Radionuclides were assumed to be detected at 100 percent frequency (both negative and 
positive results are included in  the data set) Radionuclides above background levels are 
listed in the concentration/toxicity screen i n  Table 4-5 

(4047 822 001 I 841) (TM4) (08 22 94 4 07pm)(I) 
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Analytes that were detected at 5 percent or greater detection frequency and that were 
identified as potential chemicals of concern on the basis of the statistical background 
comparison or exceedances of the background UTL,,, were included in concentration/toxicity 
screens to select OU-wide chemicals of concern in subsurface soil 

4 3 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for chemicals in subsurface soils are presented in  Tables 4-3 
through 4-5 All analytes that contribute at least 1 percent of the total risk factor are retained 
as OU-wide chemicals of concern for quantitative risk assessment 

Plutonium-239,240 and americium-24 1 were retained as chemicals of concern in subsurface 
soil, even though they represented less than 1 percent of the total risk factor They were 
retained because 

0 Plutonium and americium are associated with waste releases at Rocky Flats, 
whereas other radionuclides may be naturally occurring 

0 Plutonium and americium were detected in numerous samples at levels well 
above background at three IHSSs 
Area), and 216 I (East Spray Field) 

156 2 (Soil Dump Area), 165 (Triangle 

0 The small fraction of the total risk factor represented by plutonium and 
americium is determined by the maximum activity of uranium-238 (141 pCi/g) 
used in the concentration/toxicity screen for radionuclides (Table 4-5) 
Uranium-238 activities above the background UTL,,,, of 1 8  pCi/g were 
detected in only two samples (2 8 and 141 pCi/g, both at IHSS 167 1 ,  North 
Spray Field) The maximum activity is actually an extreme value that may 
result i n  an overestimate of the relative contribution of uranium-238 to overall 
risk and an underestimate of the relative contribution of plutonium and 
americium using reasonable maximum exposure concentrations 

(4047 822 001 1 843) (TM4) (08 22 94 4 07pm)(l) 
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Therefore, it is considered reasonable to retain plutonium and americium as chemicals of 
concern in subsurface soil for evaluation in the quantitative risk assessment 

Chemicals of concern are listed below and in Table 4-6 

OU-Wide Chemicals of Concern 

Subsurface Soil 

Methylene chloride 
Benzo(a)pyrene 

Benzo(b)fluoranthene 
Barium 

Plutonium-239,240 
Americium-241 

Uranium-233,234 
Uranium-238 

The occurrence of methylene chloride in subsurface soil is shown in Figures 4-1 through 4r6 
The maximum concentration of 3 75 mg/kg was detected at IHSS 216 1, East Spray Field 
(Figure 4-5) 

The two PAH chemicals of concern, benzo(a)pyrene and benzo(b)fluoranthene, were detected 
in subsurface soils at IHSS 165 (Triangle Area) (Figure 4-7) The Triangle Area is the only 
IHSS at which subsurface soil samples were analyzed for SVOCs (excepting IHSS 143, Old 
Outfall, which was excluded from the determination of OU-wide chemicals of concern) 

The occurrence of elevated levels of barium in subsurface soil is shown in Figures 4-8 
through 4- 1 1 (concentrations above background mean plus two standard deviations are 
shown) Barium was detected above background levels in subsurface soil at all IHSSs 

The occurrence of uranium isotopes, plutonium, and americium above background levels is 

shown in  Figures 4-12 through 4-15 (activities above background mean plus two standard 
deviations are shown) 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 
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Chemicals of potential concern in subsurface soil that do not have EPA-established toxicity 

factors are lead and phenanthrene These compounds cannot be evaluated in a toxicity- or 

risk-based screen to select chemicals of concern However, their potential contribution to 
overall risk will be evaluated qualitatively in  the risk assessment for OU6 Data are 

inadequate to assess toxicity of phenanthrene, and at the maximum detected concentration 

(0 17 mg/kg) the potential for adverse effects is likely to be negligible The maximum lead 
concentration of 85 mg/kg is well below EPA’s screening level of 400 mg/kg for residential 

soil (EPA 1994c) 

4 4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Maximum concentrations of 17 VOCs and SVOCs (detected at < 5 percent frequency) were 

compared to values equivalent to 1000 times chemical-specific RBCs for construction worker 
exposure to subsurface soil (DOE 1994b) The comparison to RBCs is used to identify 

special-case chemicals of concern, i e , infrequently detected compounds that could pose a 

health risk if long-term exposure were to occur to the maximurn detected concentration The 

screen is discussed i n  Appendix B and the results for subsurface soil are presented i n  Table 

B-2 

None of the maximum concentrations of chemicals detected at low frequency i n  subsurface 

soil exceeded 1000 times the RBC Therefore, no special-case chemicals of concern were 
identified for subsurface soils 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 



TABLE 4-1 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

SUBSURFACE SOIL (') 

Maxlmum Detected Detecuon 
Concentration Frequency Inorg'uuc 

Chernical (mg/kg) %I PCOC 3 (2) 

Organic Compounds 
2 Hut Lllolle 1 7  22 
7-Chloroph~nol 0 OFF 8 
ALL1 Oilt: 5 1  XX 
Benzo(,i)pyrene 0 13 8 
Benzo( b)fluor,uithene 0 17 12 
Benzoic acid 0 26 19 
Bis( 2-ethylhexy1)phthalate 0 39 34 
Fluoranthene 0 45 27 
Methylene chloride 3 75 86 
Phen'mthrene 0 17 12 
Pyrene 0 19 23 
To1 UL~L 1 1  90 

Met& 
Aluininuin 
Antunony 

24 100 
21 65 

100 
7 

No 
No 

Arqenic 10 9 99 No 
Bmum 2970 100 Yes 
Beryllium 21  86 No 
Cdiniuin 1 8  7 NO 

C t w m  33 7 71 No 
Chi oiniiiin 217 9X Ye\ 
Coh'c I r 21 4 95 NO 
CoppLr 52 1 I 0 0  No 
Lt'ld 84 9 100 Yes 
L 1 t h 1 urn 29 8 89 No 
M'mg,me\e 907 100 No 
Mercury 0 93 28 No 
Nickel 41 5 64 No 
Selenium 1 3  8 No 
Strontium 506 1 0 0  Yes 
Thallium 0 69 34 No 
V,m ,idiurn 118 I00 Ye5 
ZlIlL 706 LOO Yes 

I 
1 
1 

1 I 
EXL~U~III~ Old Outf'dl (IHSS 143) (11 I 

" I  B on b ichground coinpmwn (Appendix A) 
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TABLE 4-2 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

SUBSURFACE SOIL (') 

Maxmum Detected Detection 
Concentration Frequem y Inorgmc 

Cheinl~,rl ( m . d h )  % PCOC 7 (2' 

4-Methyl-2-pentmone 0 004 1 
Acenaphthene 0 056 4 
Benzene 0 006 1 
Benzo(a)mthracene 0 099 4 
Benzo(k)fluor,mthene 0 06 4 
Chlorobenzene 0 074 0 3  
Chloro fonn 0 002 03 

Organic Compounds 
I 4-Dichlorobenzene 0 OM 4 

Chryxne 0 12 4 
Diethyl phth,il,ite 0 7 4 
Di-n-octyl phth,d,w 0 072 4 
Indene( 1 2 7-cd)pyrene 0 099 4 
Pmt'iL hlorophenol 0 66 4 
Phenol 0 os5 4 
Styrene 0 001 0 3  
Xylenes, totd 0 002 0 3  
Tnchloroethene 0 021 2 

Metak 
Mol yhdenurn 27 9 2 NO 
Silver 2 7  0 4  No 
Tin 57 8 3 No 

( I '  Exdudrng Old Outfall (IHSS 143) 
'" B'ised on background compmson (Appendix A) 
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TARLE 4-3 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL"' 
NONCARCINOGENS 

Maximum 
Detected Inhalation Oral f isk  &sk % of Tom1 

Cheini~al Cow (mg/kg) RfD RfD Factor Index Risk Factor 
Bmum 2970 1 4E-04 7 OE-02 2 1E+07 1 OE+OO 99 9 
V,ui,tdiuin 118 n/a 7OE-0'3 17E+04 79E-04 0 1  
Zinc 7( 16 n/'t 3 OE-01 24E+01 1 1E-04 0 0  
Strontium 506 n h  6OE-01 84E+02 40E-05 0 0  
Chromium 217 n/a 1OE+OO 22E+02 1 OE-OS 0 0  
Acetone 5 1  n/a 1 OE-01 5 1E+O1 2 4E-06 00 
Methylene chlonde 3 75 90E-01 6OE-02 63E+01 29E-06 0 0  
Bis(2-ethylhexy1)phthalate 0 39 nla 2OE-02 20E+01 92E-07 0 0  
2-Bumone 3 7  3 OE-01 6 OE-01 1 2E+01 5 8E-07 0 0  
Fluormthene 0 45 n/,i 4 OE-02 1 1E+01 5 3E-07 0 0  
2 Chlorophenol 0 055 n/a 5 OE-07 1 1E+O1 5 2E-07 0 0  
TO I U L ~ L  I 1  1 IE-01 2 OE-01 1 (JE+Ol 4 7E-07 0 0  
Pyrtne 0 19 n/'i 3 OE-02 6 3E+OO 3 OE-07 0 0  
BLnmrc , tcd 0 26 n/'t 40E+00 6SE-02 7 1E-09 0 0  

Tot'd Ri\k F'tctor 2 1E+O7 

RfDs are in units of mglkg-day 
n/a = not awlable 
'"Excludmg Old Outfall (IHSS 143) 

Sheet 1 of 1 I4047 822 001 1 843) (TBLCSXLS) (8/15/94/4 09 PM) 
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TABLE 4-4 
ROCKY FLATS OU6 

CONCENTRATION/TOXICIY SCREEN 
SUBSURFACE SOIL"' 

CARCINOGENS 
~~~~~~ ~ ~~ ~ 

Maximum 
DetI.?Lted lnh,ilmon Ord k s k  h \ k  9h of Total 

Chzmicd Conc (mg/kg) Slope Factor Slope Factor Factor Index Risk Factor 
Benzo(,t)pyrene 0 13 nla 7 3E+00 95E-01 8 6E-01 85 8 
Benzo( b)fluoranthene 0 17 n/a 7 3E-01 1 2E-01 11E-01  1 1  2 
Methylene chlonde 3 75 1 6E-03 7 5E-03 2 8E-02 2 5E-02 2 5  
Bs(2-ethylhexy1)phtate 0 39 Ma 1 4E-02 5 SE-03 4 9E-03 0 5  

Total Risk Factor 11E+00 

Slope factors are in units of l/(mg/kg-day) 
Ma = not av,uhhle 
"'Ex~luding Old Outtdl (IHSS 143) 

14147 822 IN1 1 (UTI (TRL4 4XLSI(SR2494/3 43 PM) 
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TABLE495 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL 
RADIONUCLIDES 

Maxmum Activity Inhalation oral Rsk Rsk of T o d  
Cheinical W1/g) Slope Factor Slope Factor Factor Index Risk Factor 
Urmurn-278 141 5 2E-08 2 8E-1 I 7 3E-06 9 8E-01 98 2 
Urmium-21’3 274 7 05 2 6E-08 1 6E-11 7 9E-08 1 1E-02 1 1  
Plutoiiiuin 239 240 0 XX 3 XE-OX 2 3E- 10 7 YE-08 4 5E-0’3 0 4  
Atn~ri~iuin-24 1 0 44 3 2E-OX 2 4E-10 14E-OX 19E-0’3 0 2  
U i m u m  237 0 16 2 5E-OX 16E-11 4 OE-09 5 4E-04 0 1  

Totd Risk F‘ictor 7 SE-06 

Slope factors are in units of l/pCi 
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TABLE4-6 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
SUBSURFACE SOIL"' 

OU-Wide 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Methylene chlonde 
Bmum 

Amenc~um-24 1 
Plutonium-279,240 
Ur,mium-273,274 
Uranium 238 

' Excludmg Old Outfall (IHSS 143) 

Sheet 1 of 1 
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5 0 GROUNDWATER CHEMICALS OF CONCERN 

5 1 GROUNDWATER DATA SET 

Monitoring wells in  OU6 were installed in  the Upper Hydrostratigraphic Unit (UHSU) 
Chemicals of concern in  groundwater were selected using data collected from first quarter 
199 1 through fourth quarter 1993 Groundwater samples were analyzed for metals, 
radionuclides, volatile organic compounds, semivolatile organic compounds, and pesticides/ 
PCBs The sampling and analytical programs for wells at each IHSS are summarized in 
Tables 2-1 and 2-2 

5 2 BACKGROUND COMPARISON AND FREQUENCY O F  DETECTION 

Tables 5- 1 and 5-2 summarize the maximum detected concentrations, detection frequencies, 
and results of background comparison for analytes detected in groundwater The background 
comparison and maximum concentrations shown for metals and radionuclides are based on 
unfiltered sample results Background data for UHSU groundwater were taken from the 
Background Geochemical Characterization Report (DOE 1993) 

The statistical background comparisons for inorganics are presented in detail in Appendix A 
Inspection of Table 5-1 and the Appendix A tables for unfiltered and filtered metals in 

groundwater reveal that nearly all metals, including typical rock-forming elements such as 
aluminum, calcium, iron, and sodium, were identified as being above background levels 
Metals as potential chemicals of concern are discussed further in  Section 5 3 

Radionuclides are assumed to be detected at 100 percent frequency (that is, both negative and 
positive results are used i n  the data set) Radionuclides above background levels are listed 
In the concentratiodtoxicity screen i n  Table 5-5 

Several organic contaminants were detected at low concentrations in some groundwater 
samples Maximum concentrations generally ranged from 0 1 pg/L (styrene) to 150 pg/L 

(4047 822 001 I 847) (TM4) (08 22 94 4 07pm)(l) 
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(trichlorethene), vinyl chloride was detected at 860 pg/L Detection frequencies ranged from 
0 4 percent (styrene) to 21 percent (bis(2-ehtylhexy1)phthalate (see Tables 5-1 and 5-2) 

5 3 ELIMINATION OF METALS AS CONTAMINANTS OF CONCERN IN 

GROUNDWATER 

A s  shown in  Table 5-1 and Appendix A, nearly all metals analyzed for in unfiltered 
groundwater samples were identified as being above background levels, including aluminum, 
calcium, iron, potassium, and sodium, which are common rock-forming minerals and not 
likely to be environmental contaminants in OU6 Most metals failed the formal statistical 
comparison and had anywhere from 17 to 42 results above the background UTL,,D,, Only 
four metals (cesium, molybdenum, thallium, and tin) were found to be within background 
levels (see Table A-1 1)  

Because it  is unusual, even at hazardous waste sites, to see so many metals above background 
levels, an evaluation was conducted to ascertain whether the elevated metals concentrations 
i n  OU6 groundwater samples were due to factors other than environmental contamination 
The evaluation consisted of (1) examining the spatial and temporal distribution of selected 
metals and (2) examining the relationship of elevated metals concentrations as a whole with 
organic contamination and with total suspended and total dissolved solids 

The conclusion of the evaluation was that the elevated metals concentrations are not related 
to environmental contamination but rather to local geochemical conditions and to suspended 
solids in the groundwater samples Therefore, metals should not be considered chemicals of 
concern in  groundwater in OU6 Evidence supporting this conclusion is presented below 

0 Presence of naturallv occurring zones of high manganese and other ions The 
results of the background comparison suggest that local geochemical 
conditions in OU6 are different than those at the background sampling 
locations The observances of elevated manganese and of elevated 
concentrations of iron, cobalt, lead, zinc, copper, nickel, and barium, which 

(4047 822 001 1 843) (TM4) (08 22 94 4 07prn)(I) 
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can associate with manganese oxides (Hem 1989), suggest the presence of 
naturally occurring mineralization in OU6 that is absent in  the background 
sampling locations Elevated metals concentrations occur in both filtered and 
unfiltered samples Recent investigations at the RFETS indicate wide and 
irregular distribution of dissolved manganese at high concentrations in UHSU 
groundwater, none of the background wells used for the Background 
Characterization Report were located in the recently identified areas of 
elevated manganese (Siders 1994) Therefore, it is probable that the 
background comparison gives misleading results and that the elevated metals 
in OU6 groundwater are due to local geochemical conditions 

e Wide distribution of elevated metals and absence of spatial pattern Elevated 
concentrations of unfiltered and filtered metals were observed in samples 
widely distributed across the OU, with no relation to contaminant sources 
Figures 5-4 through 5-8 show concentrations of unfiltered metals in wells in 

several areas of OU6 For example, at wells 41691 and 0486 at Indiana Street 
(Figure 5-8), 19 metals--aluminum, antimony, barium, beryllium, cadmium, 
cobalt, chromium, copper, iron, lead, mercury, magnesium, manganese, nickel, 
potassium, silver, strontium, vanadium, and zinc--exceeded background levels 
(unfiltered results) However, in the nearest wells upgradient to 41691 and 
0486, very few metals in  unfiltered samples exceeded background levels For 
example, in upgradient well 4 109 1 (Figure 5-3, only barium, potassium, and 
manganese exceeded background levels In well 1186, only chromium and 
magnesium exceeded background levels (Figure 5-5) In upgradient well 3886, 
only calcium, manganese, sodium, and strontium exceeded background levels 
(Figure 5-6) As is evident in Figures 5-4 through 5-8, there are numerous 
other examples of erratic spatial occurrence of samples having ten or more 
metals with elevated concentrations The absence of a meaningful spatial 
pattern (such as concentration gradients) indicates that the occurrence of 
elevated metals concentrations is not related to contaminant plumes and that 
they are not associated with identifiable contaminant sources 
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0 No correlation of elevated metals with VOC contamination Elevated metals 
concentrations in  groundwater can result from the solubilizing effects of 
organic contamination However, this does not appear to be true in OU6 
Low concentrations of chlorinated solvents and other VOCs such as xylenes 
and toluene were detected at some sampling locations Concentrations of 
VOCs in wells in several areas of OU6 are show in Figures 5-9 through 5-17 
Comparison of metals data shown i n  Figures 5-4 through 5-8 with organic data 
shown in Figures 5-9 through 5- I7 shows that elevated metals concentrations 
were observed in some samples from some wells with organic contamination 
but not in others Elevated metals concentrations were also observed in many 
wells with no VOC contamination Therefore, i t  is concluded that the metals 
concentrations are unrelated to organic contamination 

e Absence of temporal pattern The temporal occurrence of concentrations above 
background UTL,,,, was evaluated for selected metals For example, 
concentrations of total antimony exceeded the background UTL,,,, in  10 OU6 
wells at which multiple (4 to 13) sampling rounds were conducted (Figures 5-4 

through 5-8) However, in seven of the wells, the UTL,,,, was exceeded in  

only one sampling event, in two wells the UTL,,,, was exceeded in two 
sampling events, and in  one well the UTb,,, was exceeded in three sampling 
events out of ten This pattern--1 e ,  temporally isolated occurrences of 
concentrations i n  excess of background UTL,,,, was found to be true for many 
analytes The temporal isolation of elevated concentrations of metals at a 
single sampling locations is inconsistent with an assumption of contamination 

0 Strong correlation of elevated metals with Total Suspended Solids (TSS) and 
Total Dissolved Solids (TDS) Elevated metals concentrations, and the number 
of elevated metals in  a sample, strongly correlate with high TSS and TDS in  

the samples TSS and TDS concentrations by well number are listed in  

Appendix C TSS concentrations in many samples ranged as high as 1100 to 
21,000 mg/L TDS concentrations ranged as high as 1000 to 7600 mg/L 
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These samples had the highest metals concentrations as well High TSS and 
TDS appear to be the largest factor contributing to elevated metals 
concentrations In groundwater samples High TSS is not a sign of 
contamination but rather of sample turbidity resulting from well development 
and sampling procedures As an example, samples from well 7287, which is 
located at Trench A (IHSS 166 l), contained numerous elevated metals in 
several sampling rounds and had TSS ranging as high as 17,000 mg/L (average 
= 3880 mg/L) Field notes indicate all samples were cloudy, muddy, or 
colored On the other hand, samples from well B206489, which is adjacent 
to well 7287 (see Figure 5-4), had TSS ranging from 9 to 81 mg/L, and had 
only a single occurrence of a metal result exceeding background UTL Field 
notes indicate all but one sample were clear 

A s  examples of the correlation of elevated metals to TSS and TDS, Figures 5- 

1 through 5-3 show scatterplots of aluminum, arsenic, and barium to TSS and 
TDS These three metals are used as examples because of their high relative 
risk at the maximum concentrations found in OU6 

It 15 concluded that elevated metals concentrations in  OU6 groundwater samples are related 
to suspended solids in the sample and to naturally occurring geochemical characteristics such 
as high manganese zones Metals are therefore eliminated from further consideration as 
contaminants of concern in groundwater in OU6 

5 4 ELIMINATION OF BIS(2-ETHYLHEXYL)PHTHALATE, CESIUM-137, AND 

STRONTIUM-89,90 AS CHEMICALS OF CONCERN IN GROUNDWATER 

Review of the analytical results and occurrence of bis(2-ethylhexyl)phthalate, cesium- 137, and 
strontium-89,90 i n  groundwater indicates that these analytes should not be included in the 
selection of OU-wide chemicals of concern in groundwater The evidence supporting this 
conclusion is presented below 
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Bis(2-ethvlhexvl)phthalate Bis(2-ethylhexy1)phthalate is a common field and laboratory 

contaminant because it is a constituent of plastic products used in  sampling and analysis 
This compound was detected in  3 o f  14 groundwater samples submitted for SVOC analyses 

and it is the only SVOC detected in the samples, except for one result for diethylphthalate 
All results were estimated values below the quantitation limit o f  0010 mg/L The three 

positive results were temporally isolated (detected in  only one of multiple sampling rounds) 
and were from spatially distant wells 

Bis(2-ethy1hexyl)phthalate Detections in Groundwater 

Well No Location Sample Date Concentration, mg/L 

77492 IHSS 143 (Old Outfall) 3/22/93 ND 
412 1/93 ND 
8/4/93 0008 J 

41691 Indiana Street 121719 1 0003 J 
4/1/92 ND 

41091 North Walnut Creek, downgradient of I 2/20/9 1 ND 

81 1 3/93 ND 
Pond A-4 3111/92 0 004 3 

ND = Not detected (quantrtation limit = 0 010 mg/L) 

The few detections are temporally and spatially isolated, and the data do not support an 

assumption of  contamination Therefore, this compound is eliminated from further 

consideration as a contaminant i n  groundwater 

Cesium- 137 Results for cesium- 137 in unfiltered groundwater samples were not found to 

be significantly different than background levels according to the four formal statistical tests 

described i n  Appendix A However, 2 results out of 68 exceeded the background UTL,,,, 
of  1 065 pCi/L 1 8 pCi/L in well 1786 upgradient of the A series ponds and 4 5 pCi/L at 
well 1286 i n  pond A-3 Consequently, this analyte was identified as a potential chemical of 
concern However, the two exceedances of the background UTL are temporally isolated 

events and all other results at these locations were within background range 
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Analytical results for cesium-137 at wells 1786 and 1286 are summarized below 

Cesium- 137 

Temporal Evaluation at Wells with Exceedances of Background UTL,,,,, 

Well Sample Date Activity, pCdL 

1786 

1286 

10/10/91 
11/14/91 
1/20/92 
611 1/92 
711 2/93 

612019 1 
1/10/92 
5/14/92 

0 28 
0 56 
0 40 
0 53 
182 

0 63 
0 19 
4 50 

Background mean plus 2 standard deviation = 0 782 pCi/L background maximum 
= 1 16 pCi/L, background UTL, = 1 065 pCi/L 

Because only 2 results out of 68 exceeded the background range and because they were 
temporally isolated events, cesium-1 37 is not considered a contaminant in  groundwater, and 
i t  is not evaluated further 

Strontium-89.90 Only three groundwater samples were analyzed for strontium-89,90 The 
results were 0 19, 1 10, and 1 2 2  pCi/L These results are within or slightly above 

background levels (the background mean plus two standard deviations is 095 pCi/L, the 
background maximum is 1 12 pCi/L (n = 32), and the background UTL,,,, is 1 154 pCi/L) 
The three OU6 samples were collected from spatially distant wells (well 2691 upgradient of 
the B series ponds, well 1186 downgradient of pond A-4, and well 486 at Indiana Street) 
Because the sample size is so small and because the OU6 levels are so close to background 
levels, this analyte IS not included in the determination of OU-wide chemicals of concern in 

groundwater 
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5 5 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for organic contaminants and radionuclides are presented in 

Tables 5-3 through 5-5 With the exception of the analytes discussed in Section 5 4, all 
organic analytes detected at a frequency of 5 percent or greater and radionuclides identified 
as above background levels were included in the screens 

All analytes that contribute at least 1 percent of the total risk factor are retained as OU-wide 
chemicals of concern in groundwater for quantitative risk assessment Chemicals of concern 
for groundwater are listed below and in Table 5-6 

OU-Wide Chemicals of Concern 

Ground water 

Chemical Maximum Result (mg/L or pCi/L) 

Chloroform 

Methylene chloride 

Tetrac hloroethene 

Trichloroethene 

Nitrate 

Plutonium-239, 240 

Americ~um-24 I 

Radium-226 

0 008 

0 032 

0013 

0 150 

1760 

3 65 

3 2  

8 8  

The distribution of the organic chemicals of concern in groundwater is shown in Figures 5-9 
through 5-17 The maximum concentrations of volatile organics are relatively low (<0 15 
mg/L) and the maximum frequency of detection was 15 percent (Table 5-1) Therefore, 
organic contamination of groundwater in OU6 is considered minimal 
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The distribution of elevated concentrations of radionuclide chemicals of concern in 
groundwater is shown i n  Figures 5-18 through 5-21 (results above background mean plus two 
standard deviations are shown) Most elevated results were measured in samples collected 
at the two wells at Indiana Street (well 486 and well 41691, Figure 5-21) 

Nitrates were detected in wells upgradient of the A series ponds They are believed to be 
associated with the solar ponds, which are upgradient of OU6 

5 6 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS 

Maximum concentration of 13 VOCs (detected at <5 percent frequency) were compared to 
values equivalent to 1000 times the chemical-specific RBCs The RBCs were calculated 
assuming residential use of groundwater and are used to identify special-case chemicals of 
concern that could pose a health risk if long-term exposure were to occur to maximum 
concentrations in a highly localized area The screen is discussed in Appendix B and the 
results for groundwater are presented in  Table B-3 

Vinyl chloride was the only chemical detected at low frequency that exceeded the 1000 times 
RBC value Vinyl chloride will be retained for further evaluation as a special-case chemical 
of concern in groundwater 
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TABLE 5-1 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
5% OR GREATER FREQUENCY 

UHSU GROUNDWATER 

Maximum Detected Detecuon 
Concentration Frequency Inorganic 

Chemical ( m a )  % PCOC ) ("  

Organic Compounds 
I 1 1 -Trrchloroethme 0 012 9 
1 I -DiLhloroeth,tne 0 062 9 
1,2-Dichloroethene 0 074 11 
I 2-Dichloroethene, cis 0 0007 6 
Acetone 0 027 5 
Bis(2-ethy1hexyl)phtate 0 008 21 
Chloroform 0 008 9 
Diethyl phthalate 0 002 7 
Methylene chlonde 0 032 12 
Tetrac hloroethene 0 013 15 
To1 uene 0 016 6 
Tnc hloroethene 0 15 14 

Metals 
Aluminum 
Antlmony 

456 
0 194 

95 
16 

Yes 
Yes 

Arsenic 0 018 52 Y e5 
Banum 506 98 Yes 
Beryllium 0 032 30 Yes 
Cadimum 0 0329 26 Yes 
Chromium 0 58 75 Yes 
Coh'tlt 0 228 45 Yes 
Copper 6 43 54 Yes 
Le'td 0 254 77 Yes 
Lithium 0 456 93 Yes 
Mmngmese 6 2  94 Yes 
Mercury 0 0015 10 Yes 
Molybdenum 0 0295 27 No 
Nickel 1 07 66 Ye? 
Selenium 0 475 58 Yes 
Silver 3 0 4  20 Ye5 
Strontium 6 96 100 Yes 
T h 4  ruin 0 0027 5 NO 
Tin 0 267 19 No 
V,mn,idiuin 0 754 74 Yes 

(1) Based on background companson (Appenhx A) 
(41x7 822 001 1 843) ('IBLS 1 XLS) (8n3/94/Jr16 PM) 

~~~ 
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TABLE5-2 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

UHSU GROUNDWATER 

M,ixunum Detected Detecuon 
Concentration Frequency Inorg'mic 

CheiniLa1 (mgP-1 96 Pcoc ? (') 

Organic Compounds 
1 1-Dichloroethene 0 005 1 
1,2-D1chloroethane 0 002 1 
1 2-Dichloroethene trans 0 009 2 
1,2A-Tnmethylbenzene 0 0002 3 
2-But'mone 0 001 1 
2-Hextmone 0 005 0 4  
4-Methyl-2-pentLwone 0 002 1 
Benzene 0 001 3 
Carbon disulfide 0 OW 1 
Carbon tetrachloride 0 008 4 
Chloromethane 0 00025 0 4  
Ethylbenzene 0 001 2 
Styrene 0 0001 1 0 4  
Vinyl chloride 0 86 3 
Xylenes (total) 0 014 4 

Met,ik 
Cesium 0 15 2 No 

"' B ~ e d  on background c o m p m o n  (Appendix A) 

I 
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TABLE 5-3 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

NONCARCINOGENS 

Detected Inhalation Oral ksk ksk of Total 
Chemcal Conc (ma) RfD m Factor Index f isk Factor I 

Nitrate 1760 d a  16E+00 1 1EM3 99E-01 98 9 
1,2-Dichloroethene 0 074 d a  90E-03 8 2 E M 0  74E-03 0 7  
Tetrachloroethene 
Chloroform 
1,l -Dichloroethane 
Methylene chlonde 
Acetone 
Toluene 
cis- I ,2-Dichloroethene 
Diethyl phthalate 

Total ksk Factor 

RfDs are in units of mg/kgday 
d a  = not available 

0 013 d a  10E-02 13Ei-00 
0 008 d a  10E-02 80E-01 
0 062 14E-01 10E-01 62E-01 
0 032 9OE-01 6OE-02 53E-01 
0 027 n/a 10E-01 27E-01 
0 016 11E-01 20E-01 1 5 0 1  

0 0007 d a  10E-02 70E-02 
0 002 n/a 8OE-01 2 5E-03 

11EM3 

12E-03 
7 2E-04 
5 6E-04 
4 8E-04 
2 4E-04 
1 3E-04 
6 3E-05 
2 2E-06 

01 
01 
0 1  
00 
00 
0 0  
0 0  
0 0  
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TABLE5-4 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

CARCINOGENS 

Maxlmum % 
Detected Inhalalon Oral bsk ksk of Total 

Chemical Conc ( m a )  Slope Factor Slope Factor Factor Index hsk Factor 
TncNoroethene 0 15 6 OE-03 11E-02 17E-03 5 1E-01 51 5 
Tetrachloroethene 0 013 2 OE-03 52E-02 68E-04 2 1E-01 21 1 
Chloroform 0 008 8 OE-02 6 1E-03 64E-04 20E-01 20 0 
Methylene chlonde 0 032 16E-03 75E-03 24E-04 75E-02 7 5  

Total R s k  Factor 3 2E-03 

Slope factors are in units of l/(mglkgday) 
n/a = not available 

(4047 822 001 I 843KTBLS-d XLS)(W17&W9 45 AM) Sheet I of 1 



TABLE5-5 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

RADIONUCLIDES 

% 

Maxlmum Acuv~ty Inhalauon Oral ksk k s k  of Total 
Chermcal @Cfi> Slope Factor Slope Factor Factor Index h s k  Factor 
Radium-226 8 8  30E-09 * 12E-10 11E-09 40E-01 39 6 
Plutomum-239,240 3 65 38E-08 * 23E-10 84E-10 32E-01 31 5 
Amenaum-24 1 3 2  3 2E-08 * 24E-10 77E-10 29E-01 28 8 

Total Fbsk Factor 2 7E-09 

Slope factors are in umts of VpCi 
* Inhalation of rahonuclides from groundwater IS an incomplete pathway Therefore oral towcity factors were used in 

the screen 
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' I  I TABLE 5-6 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
UHSU GROUNDWATER 

OU-Wide Specid Case ' 
Chloroform Vinyl chlonde 
Methylene cNonde 
Tetrachloroethene 
Tnchloroethene 
Nitrate 

Amencium-241 
Radium-226 

PlUtONUm-239 240 

' See Appendix B 
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6 0 POND SEDIMENT CHEMICALS OF CONCERN 

6 1 POND SEDIMENT DATA SET 

Wet sediment samples were collected in the A and B series ponds in the Walnut Creek 
drainage, including the terminal pond at Walnut Creek and Indiana Street Collectively the 
ponds are IHSS 142 The A series ponds along North Walnut Creek are numbered IHSS 
142 1 through 1424 The B series ponds along South Walnut Creek are numbered IHSS 
142 5 through 142 9 The terminal pond is IHSS 142 12 Pond locations are shown in Figure 
1 - 1 Approximately 50 samples were collected and analyzed for metals, radionuclides, 
volatile and semivolatile organic compounds, and pesticrdes/PCBs The sampling and 
analytical program for pond wet sediments (IHSS 142) is summarized in Tables 2-1 and 2-2 

6 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 6-1 and 6-2 summarize the maximum detected concentrations and detection 
frequencies for organic compounds and metals and the results of the background comparison 
for metals in the pond sediment samples Background data from seeps/springs reported in 
the Background Geochemical Characterization Report (DOE 1993) were used for comparison 
to pond sediment data Seep/spring background data were preferred to background stream 
sediment data for this comparison because of the similarity in flow regime (long residence 
time) in the seeps and ponds The statistical comparisons of inorganic results to background 
data are presented in detail in  Appendix A 

Radionuclides are assumed to be detected at 100 percent frequency (that is both negative and 
positive results are included in the data set) Radionuclides above background levels are 
listed in the concentration/toxicity screen in Table 6-5 

Analytes above background levels that were detected at 5 percent or greater detection 
frequency were included in  concentration/toxicity screens to select OU-wide chemicals of 

c 
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concern, with the exception of manganese, which is considered to be naturally occurring as 
explained i n  Section 6 3  

6 3 EXCLUSION OF MANGANESE AS A CHEMICAL OF CONCERN IN POND 
SEDIMENT 

Manganese was identified as a potential chemical of concern in pond sediment because I t  

failed the Gehan test when compared to background seep/spring data (see Table A-21) (The 
Gehan test ranks the values in the combined background and site data sets ) However, further 
review of the data indicates that manganese should not be considered a contaminant in  this 
medium Mean and maximum concentrations of manganese in  background and OU6 pond 

sediments are summarized in the table below 

Manganese in Background and OU6 Sediment Samples 

Sample Mean Maximum Std Dev 
Location Size mdkg m g k  mg/kg 

Background 20 318 1740 437 
OU6 57 283 558 86 

Histograms and box plots comparing background and OU6 sediment data are shown In 
Figures 6-13 and 6-14 Review of the histograms shows that the majority of the OU6 pond 
sediment data falls between 177 and 400 mg/kg, with a maximum of 558 mg/kg, and that 
these values fall well within the range of values for the background data In fact, the 
background data set includes higher values than detected in pond sediment The box plot 
(Figure 6-14) also demonstrates that the OU6 measurements are similar to background 
Furthermore, no OU6 measurement exceeded the background mean plus two standard 
deviations of 1192 rng/kg, which is the CDPHE criterion for identifying source areas of 

contamination In addition, manganese IS not a contaminant In surface soil, subsurface soil, 
or groundwater, and therefore it would not be expected to be a contaminant In sediment 

(4047 822 001 I 841) (TM4) (08 22 94 4 07pm)(I) 
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Concentrations of manganese in  sediment are comparable to those measured in  background 

and OU6 surface soils samples (Figure 6-15) 

6 4 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for pond sediments are presented i n  Tables 6-3 through 6-5 
AI1 analytes that contribute at least 1 percent of the total risk factor are retained as OU-wide 

chemicals of concern for quantitative risk assessment 

Chemicals of concern are listed below and in Table 6-6 

OU-Wide Chemicals of Concern 
Pond Sediments 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Bis( 2-ethylhexy1)phthalate 
Aroclor-1254 

Antimony 
Manganese 

Silver 
Vanadium 

Zinc 
Plutonium-239,240 

Americium-24 1 

The distribution of organic chemicals of concern i n  pond sediments is shown in Figures 6-1 

through 6-6 PAHs and PCBs were widely detected in pond sediments Bis(2- 
ethylhexy1)phthalate was detected in low concentrations in the A series ponds and i n  higher 
concentrations in the B series ponds 

Concentrations of metal chemicals of concern above the background mean plus two standard 
deviations are shown in Figures 6-7 through 6-9 Silver and zinc were detected in the highest 

(4047 822 001 1 843) (TM4) (08 22 94 4 07pm)( 1) 
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concentrations in  the B series ponds, especially pond B-1 Antimony was identified as a 

potential chemical of concern because 1 sample out of 57 (68 mg/kg in  pond B-3) exceeded 
the background UTL,,,, of 55 mg/kg, however, antimony did not exceed background by any 

of the four formal statistical tests (see Appendix A, Table A-21) Therefore, although 

antimony at its maximum detected concentration represented 65 percent of  the total risk factor 

(Table 6-3), i t  is questionable whether antimony should be considered an OU-wide chemical 
of concern However, it is retained as a chemical of concern because it met the following 

criteria for selecting chemicals of concern it was detected at greater than 5 percent 

frequency, it exceeded background by the UTL comparison, and the elevated concentration 

is located in  an IHSS (1 e , cannot be excluded on the basis of spatial or temporal evaluatioh) 

Plutonium-239,240 and americium-24 1 are also widely detected i n  pond sediments, especially 

in  the B series ponds (Figures 6-10 through 6-12, activities above background mean plus two 
standard deviations are shown) 

Chemicals of potential concern i n  pond sediments that do not have EPA-established toxiiity 
factors are 2-methylnaphthalene, benzo(ghi)perylene, phenanthrene, dibenzofuran, and copper 

Because of the lack of toxicity factors for these chemicals, they cannot be evaluated in a 
toxicity- or risk-based screen to select chemicals of concern However, their potential 

contribution to overall risk will be evaluated qualitatively in the risk assessment for OU6 

6 5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS 

Maximum concentrations of ten VOCs, SVOCs, and pesticides/PCBs (detected at <5 percent 
frequency) were compared to values equivalent to 1000 times chemical-specific RBCs (DOE 
1994b) Although these chemicals were detected i n  pond sediment where exposure potential 

is limited, the RBCs used in  this screening evaluation were calculated assuming long-term 
residential exposure Thin approach is extremely conservative, since it assumes a daily 
exposure to chemicals i n  pond sediment, including inhalation of particulate matter The 
comparison to 1000 times the RBCs is used to identify special-case chemicals of concern, that 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l)  
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is infrequently detected chemicals that could pose a health risk i f  long-term exposure were 

to occur to the maximum concentration The screen is discussed in Appendix B and the 
results for pond sediment are presented in  Table B-4 

None of the chemicals detected at low frequency in pond sediments exceeded 1000 times the 

RBC Therefore, no special-case chemicals of  concern were identified in pond sediments 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 



TABLE 6-1 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

POND SEDIMENT 

Maxlmum Detected Detectton 
Concentrafion Frequency Inorgamc 

chemlcal (mgfl<g) % PCOC 7 (I)  

Organic Compounds 
2-Butanone 0 13 53 

Acetone 3 3  94 
Acenaphthene 0 59 9 

Anthracene 
Aroclor- 1254 

0 8  
10 

20 
44 

Benzene 0 01 6 - - 

Benzo(a)anthracene 1 1  38 
Benzo(a)pyrene 0 87 41 

Benzo(k)fluoranthene 1 32 
Benzoic acid 4 6  27 
Bis(2ethylhexyl)p hthalate 88 91 
Butyl benzylphthalate 0 12 5 
Chrysene 1 9  52 
Di-n-octyl phthalate 0 25 11 
Fluoranthene 3 5  66 
Indeno(l,2,3ui)pyrene 0 66 14 
Methylene chlonde 8 3  92 
Phenanthrene 2 6  54 
Pyrene 
Toluene 

3 8  
11 

66 
90 

Metals 
Alurmnum 
Antmony 

27400 
68 5 

100 
39 

No 
Yes 

hSeNC 10 2 100 No 
BanW 254 100 No 
Beryllium 15 2 98 No 
cadmlum 9 9  39 No 
Cesium 5 8  93 No 
chromum 96 1 100 Yes 
Cobalt 15 5 100 Yes 
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TABLE 6-1 
(CONCLUDED) 

Maxlmum Detected Detecuon 
Concentrahon Frequency Inorganrc 

% PCOC ? (I) Chenucal (mF/kg) 
Copper 125 100 Yes 
Lead 155 100 No 
Llthlum 16 6 98 No 
Manganese 558 100 Yes 
Mercury 1 5  43 No 
Nickel 58 1 70 No 
Selemum 1 9  5 No 
Silver 345 39 Yes 
Stronhum 307 100 No 
Thallium 0 85 39 No 
VaMdUm 62 7 100 Yes 
Zinc 1270 100 Yes 

(1) Based on background cornpanson (Appendrx A) 
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TABLE6-2 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

POND SEDIMENT 

MaxlmumDetected Detmon 
Concentrauon Frequency Inorgamc 

% PCOC ? ( I )  Chermcal (mgflrg) 
Organic Compounds 
1,2,4-Tnchlorobenzene 0 13 2 
2 -Methylnaphthalene 0 17 2 
4-Methyl-2-pentanone 0 006 2 
Aldnn 0 054 2 
Aroclor-1260 0 86 4 
Dibenzo(a, h)anthracene 0 15 2 
D i b e n z o h  0 18 2 
Fluorene 0 46 4 
gamma-BHC (Lindane) 0 025 2 
Heptachlor 0 039 1 
Naphthalene 0 39 2 
Phenol 0 29 4 

Metals 
Tin 39 5 2 No 

(') Based on background companson (Appen&x A) 

(4047422 001 1-843) OgL6-2 XLS) (8'1 7/9414 57 PM) I Sheet 1 of 1 
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TABLE6-3 
ROCKY FLATS OU6 

CONCENTRATIONfI’OXICITY SCREEN 
POND SEDIMENT 

NONCARCINOGENS 

Maximum % 
Detected Inhalahon Oral hsk hsk ofTotal 

Chemcal onc (mgikg RfD RfD Factor Index RskFactor 
Anhmony 68 5 n/a 40E-04 17E+O5 66E-01 662 
Silver 345 n/a 50E-03 69E+04 27E-01 267 
Vanadmm 62 7 n/a 7 OE-03 9 OEM3 3 5E-02 3 5 
Bis(2-ethylhexyl)phthal 88 n/a 2OE-02 44E+03 17E-02 1 7  
Zinc 1270 n/a 30E-01 42E+03 16E-02 1 6  
Cobalt 15 5 n/a 6 OE-02 2 6E+02 1 OE-03 0 1 
Methylene chlonde 
Pyrene 
chromum 
Fluoranthene 
Acetone 
Di-nsctylphthalate 
Acenaphthene 
Toluene 
Anthracene 
Benzoic acid 
Butyl benzylphthalate 

8 3  9 OE-01 * 6 OE-02 1 4E+02 5 3E-04 
3 8  n/a 3 OE-02 1 3E+02 4 9E-04 
96 1 n/a 1 OEM0 9 6EM1 3 7E-04 

3 3  n/a 10E-01 33E+01 13E-04 
0 25 n/a 2 OE-02 1 3E+01 4 8E-05 

1 1  1 1E-01 * 20E-01 5 5E+00 2 1E-05 
0 8  n/a 30E-01 27E+00 10E-05 
4 6  n/a 4 OEM0 1 2E4-00 4 4E-06 

3 5  n/a 4 OE-02 8 SEN1 3 4E-04 

0 59 n/a 6 OE-02 9 8E+00 3 8E-05 

0 12 n/a 2 OE-01 6 OE-01 2 3E-06 

0 1  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

2-Butanone 0 13 3 OE-01 * 60E-01 22E-01 84E-07 0 0  
Total hsk Factor 2 6EM5 

RfDs are in units of mgikg-day 
n/a = not avalable 
* Inhalahon is an incomplete pathway because pond sediments are assumed to reman satura 
are not released to ax  Therefore, oral toxicity factors were used in t h s  screen 

Sheet 1 of 1 



I 1 

TABLE 6-4 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
POND SEDIMENT 
CARCINOGENS 

Detected Inhalaoon Oral h s k  f isk % of Total 
Chemcal Conc ( m a g )  Slope Factor Slope Factor Factor Index hsk Factor 
Aroclor-1254 10 n/a 7 m+oo 77E+01 87E-01 87 1 
Benzo(a)pyrene 0 87 n/a 7 3 E W  6 4 E W  72E-02 7 2  
Benzo(b)fluoranthene 3 1  n/a 7 3E-01 23E+00 26E-02 2 6  
Bis(2ethylhexyl)phtate 88 n/a 14E-02 1 2 E M  14E-02 1 4  
Benzo(a)anthracene 1 1  n/a 7 3E-01 80E-01 91E-03 0 9  
Indeno(l,2,3cd)pyrene 0 66 n/a 7 3E-01 48E-01 54E-03 0 5  
Chrysene 1 9  n/a 7 3E-02 14E-01 16E-03 0 2  
Benzo(k)fluoranthene 1 n/a 7 3E-02 73E-02 83E-04 0 1  
Methylene chlonde 8 3  16E-03 * 75E-03 62E-02 70E-04 0 1  
Benzene 0 01 29E-02 * 29E-02 29E-04 33E-06 0 0  
Total h s k  Factor 8 8EW1 

Slope factors are in wts of l/(mg/kg-day) 

* Inhalauon is an incomplete pathway because pond Wments are assumed to r e m n  saturated and contanunants 
are not released to a u  Therefore, oral toncity factors were used in tIus screen 

I n/a = not avadable 
I 

' E  

II I 
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TABLE6-5 
ROCKY FLATS OU6 

CONCENTRATIONfI'OXICITY 
POND SEDIMENT 
RADIONUCLIDES 

SCREEN 

-mum Achwty Inhalabon Oral Rlsk %of Total 
Chemcal (Pcm Slope Factor Slope Factor Factor Index fisk Factor 
Plutomum-239,240 1174 38E-08 * 23E-10 27E-07 83E-01 82 6 
Amenciwn-24 1 230 53 32E-08 * 24E-10 55E-08 17E-01 16 9 
U ~ W - 2 3 8  26 445 5 2E-08 * 28E-11 74E-10 23E-03 0 2  
U ~ ~ m - 2 3 3 , 2 3 4  15 935 26E-08 * 16E-11 25E-10 78E-04 0 1  
UWW-235 0 854 2 5E-08 * 16E-11 14E-11 42E-05 0 0  
Rad~~m-226 125 30E-09 * 12E-10 15E-10 46E-04 0 0  
Wum-228 2 3  66E-10 * 1OE-10 23E-10 70E-04 0 1  
Stronbum-89,90 1 8  62E-11 * 36E-11 65E-11 20E-04 0 0  
Total fisk Factor 3 3E-07 

Slope factors are in uruts of l/pCi 
Inhalabon is  an incomplete pathway because pond mhments are assumed to remam saturated and contarmnants 

are not released to au Therefore, oral toxlcity factors were used III the screen 
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TABLE6-6 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
POND SEDIMENT 

OU-Wide 
Aroclor- 1254 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Bis(2-ethylhexy1)phthalate 
Ammony 
Silver 
Vanadmm 
Zinc 
Amencium-24 1 
PlutoIllum-239,240 
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FIGURE 6-13 
HISTOGRAMS FOR MANGANESE IN BACKGROUND SEEP/SPRING AND OU6 POND SEDIMENTS 
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FIGURE 6-14 
BOX PLOTS FOR MANGANESE IN BACKGROUND SEEP/SPRING AND OU6 POND SEDIMENTS 
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FIGURE 6-15 
HISTOGRAMS FOR MANGANESE IN BACKGROUND AND OU6 SURFACE SOIL 
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7 0 POND SURFACE WATER CHEMICALS OF CONCERN 

7 1 POND SURFACE WATER DATA SET 

Approximately 50 surface water samples were collected in the A and B series ponds in the 
Walnut Creek drainage, including the terminal pond at Walnut Creek and Indiana Street 
Samples were analyzed for metals, radionuclides, and volatile and semivolatile organic 
compounds The sampling and analytical program for pond surface water (IHSS 142) is 

summarized in Tables 2-1 and 2-2 

7 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 7- 1 and 7-2 summarize the maximum detected concentrations and detection 
frequencies for organic compounds and metals and the results of the background comparison 
for metals in pond surface water Background data from seeps/springs reported in the 
Background Geochemical Characterization Report (DOE 1993) were used for comparison to 
pond surface water data Seep/spring background data were preferred to background stream 
data for this comparison because of the similarity in  flow regime (long residence time) in the 
seeps and ponds The statistical comparisons of metals and radionuclide results to 
background data are presented in detail in Appendix A 

Analytes above background levels that were detected at 5 percent or greater detection 
frequency were included in concentration/toxicity screens to select OU-wide chemicals of 

concern, with the exception of uranium isotopes Uranium in pond surface water is 

considered to be naturally occurring, for the reasons presented in  Section 7 3 Compounds 
detected at less than 5 percent frequency were evaluated i n  the risk-based RBC screen to 
identify special-case chemicals of concern 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)( I ) 

~ 



I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
i 
I 
I 
1 
I 

EG&G ROCKY FLATS Manual 2 1 100-WP-OU6 0 1 
RFYRI Work Plan for OU6 Section Appendix L, Rev 0 

Page 43 of 53 
Effective Date 
Organization Environmental Restoration 

7 3 EXCLUSION OF URANIUM ISOTOPES AS CHEMICALS OF CONCERN IN 

POND SURFACE WATER 

Uranium isotopes (U-233,234, U-235, and U-238) were the only radionuclides in unfiltered 
pond water that exceeded background levels (based on comparison to seep/spring water, Table 
A-31) The detections of uranium isotope activities above the background mean plus two 
standard deviations are shown in Figures 7-5 and 7-6 The uranium isotopes in pond water 
are likely to be naturally occurring The ratio of U-233,234 to U-238 activity is close to one 
in naturally occurring uranium (DOE 1992c) In all ponds except B-4 (where non-detect 
results for U-238 prevented an adequate analysis), the ratio of U-233,234 activity to U-238 
activity ranged from 0 7  to 1 3 (overall average = 099)  Because the ratios in individual 
ponds and the overall average are so close to one, it is concluded that the uranium detected 
in pond water samples results from naturally occurring uranium in the environment 
Furthermore, uranium isotopes did not exceed background levels in OU6 surface soil or i n  

groundwater, which supports a conclusion that these isotopes are not contaminants but rather 
are naturally occurring Therefore, uranium isotopes are eliminated from further evaluation 
as chemicals of concern 

7 4 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for organic compounds detected in pond surface water are 
presented in  Tables 7-3 and 7-4 All analytes that contribute at least 1 percent of the total 
risk factor are retained as OU-wide chemicals of concern for quantitative risk assessment 
Chemicals of concern are listed below and in  Table 7-5 

OU-Wide Chemicals of Concern 
Pond Surface Water 

Acetone 
Chloroform 

1 2-Dichloroethene 
Methylene chloride 

Trichloroethene 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 
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Figures 7-1 through 7-4 show the occurrence of volatile organic chemicals of concern in pond 
surface water The volatile organic chemicals of concern were reported in trace 
concentrations (00085 to O036B mg/L) in some samples collected in the B series ponds 
Methylene chloride was also reported in one sample collected in pond A-2 Most results for 
chloroform, trichloroethene, and 1,2-dichIoroethene were J-qualified, indicating estimated 
quantities below the sample quantitation limit, and most results for acetone and methylene 
chloride were B-qualified, indicating presence of the compound in the laboratory blank (the 
data validation process did not result in qualifying these results as non-detect) The very low 
reported concentrations and the occurrence of acetone and methylene chloride in the 
laboratory method blanks suggest that some or all of these compounds may not be 
environmental contaminants in surface water but rather sampling or laboratory artifacts or 
naturally occurring (chloroform) Acetone and methylene chloride are common laboratory 
contaminants, and i t  is not uncommon to detect halogenated methanes such as chloroform in 

surface waters These same constituents were reported in trace concentrations in  stream water 
during base flow and storm events The fact that the maximum concentration of acetone 
(0 14 B mg/L) was detected in the terminal pond at Walnut and Indiana, following surface 
water treatment by activated carbon at the A-4 pond, further suggests that at least this 
compound is a sampling or laboratory artifact because acetone would be removed by 
treatment at pond A-4 

On the other hand, these constituents were reported in groundwater samples from OU6, and 
they cannot be conclusively excluded as environmental contaminants based on the available 
evidence Therefore, they are retained as chemicals of concern in surface water 

7 5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS 

Tetrachloroethene and 1,Z-dichloroethane (detected at c5 percent frequency) were detected 
i n  pond surface water and compared to values equivalent to 1000 times chemical-specific 
RBCs (DOE 1994b) Although these chemicals were detected in pond surface water, the 
RBCs used in  this screening evaluation were calculated assuming residential exposure to 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l) 
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groundwater This approach is extremely conservative, since it assumes daily ingestion of 
pond surface water as drinking water The RBCs are used to identify special-case chemicals 
of concern, that is, infrequently detected compounds that could pose a health risk if long-term 

exposure were to occur to maximum concentrations in a highly localized area The screen 
is discussed in Appendix B and the results for pond surface water are presented in Table B-5 

Neither of the chemicals detected at low frequency in pond surface water exceeded 1000 
times the RBC Therefore, no special-case chemicals of concern were identified in pond 
surface water 

(4047 822 001 I 843) (TM4) (08 22 94  4 07pm)(l) 
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TABLE 7-1 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
5% OR GREATER FREQUENCY 

POND SURFACE WATER 

Miuumum Detected Detmon 
Concentnuon Frequency Inorgaruc 

Chemcal (mgn) Y O  PCOC ? ( I )  

Organic Compounds 
1,2-Dichloroethene 0 003 8 
Acetone 0 14 25 
Chlorofoxm 0 002 20 
Di-n-butylphthalate 0 002 12 
Methylene chlonde 0 034 8 
Tnchloroethene 0 006 12 

Metals 
Alurmnum 
Anbmony 

1 02 
0 0205 

98 
6 

No 
No 

ArSeIUC 0 0066 41 No 
BiUlum 0 12 100 No 
cadmlum 0 0022 22 No 
CeSlUm 006 12 No 
chrolnlum 0 0043 16 No 
Cobalt 0 0036 35 No 
Copper 0 0047 19 No 
Lead 0 0158 78 No 
Llthlum 0 0545 100 No 
Manganese 0 293 100 No 
Mercury 0 00096 33 No 
Molybdenum 0 0176 75 No 
Nickel 0 0063 47 No 
Selemum 0 0083 22 No 
Silver 0 0027 6 No 
Stronhum 0 568 100 No 
Tin 0 0119 20 No 
VaIladlUm 0 0056 49 No 
Zinc 0 0748 76 No 

(I )  Based on background companson in Appendix A 

(4047-822-001 1-643) m L 7  I XLS) (8/19/94/122 PM) Sheet 1 of 1 



TABLE7-2 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
LESS THAN 5% FREQUENCY 
POND SURFACE WATER 

Maxlmum Detected Detmon 
Concentrauon Frequency Inorgaxuc 

Chenucal (mlm % PCOC ? ( I )  

Organic Compounds 
1,2-Dichloroethane 0 001 2 
Tetrachloroethene 0 012 4 

Metals 
Beryllium 0 00034 4 No 

"'Based on background cornpanson in Appen<llx A 
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TABLE7-3 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
POND SURFACE WATER 

NONCARCINOGENS 

-mum 
Detected Inhalabon Oral Rsk Rsk % of Total 

Chemcal Conc (ma) RfD RfD Factor Index Rsk Factor 
Acetone 0 14 nla 1 OE-01 I 4E+OO 5 6E-01 55 6 
Methylene chlonde 0 034 9 OE-01 6 OE-02 5 7E-01 2 2E-01 22 5 
1,2-Dtchloroethene 0 003 n/a 9 OE-03 3 3E-01 13E-01 13 2 
Chloroform 0 002 nla 1 OE-02 2 OE-01 7 9E-02 7 9  
DI-n-butylphthalate 0 002 nla 1 OE-01 2 OE-02 7 9E-03 0 8  

Total Rsk Factor 2 5E+00 

IUDs are in wts of mgkg-day 
n/a = not avalable 

Sheet 1 of 1 



TABLE 7-4 
ROCKY FLATS OU6 

CONCENTRATION/"OXICI"Y SCREEN 
POND SURFACE WATER 

CARCINOGENS 

Maxlmum 
Detected Inhalabon Oral Rtsk Rsk %ofTotal 

Chemcal Conc (m&) SlopeFactor Slope Factor Factor Index Rtsk Factor 
Methylene chlonde 0 034 16E-03 * 75E-03 26E-04 77E-01 76 5 
Tnchloroethene 0006 60E-03 * 1 IE-02 668-05 20E-01 19 8 
Chloroform 0 002 80E-02 61E-03 12E-05 37B-02 3 7  
Total Rtsk Factor 3 3E-04 

Slope factors are in wts of l/(mg/kg-day) 
n/a = not avadable 
* Inhalabon of volatde orgamc compounds released to a r  in the outdoors is a negligble pathway 

Therefore, oral toxmty factors were used in the screen 

(40479aml1-843) (TBL74XLS) (81191941l 23 PM) Sheet 1 of 1 



I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
1 
1 
IC 
1 

1 

I 

I '  
(4047 822 001 I 843) CTBL7 5 XLS) (8/21/94 2 45 PM) 

TABLE 7-5 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
POND SURFACE WATER 

Acetone 
Chloroform 
Methylene chlonde 
Tnchloroethene 
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8 0 STREAM SEDIMENT CHEMICALS OF CONCERN 

8 1 STREAM SEDIMENT DATA SET 

Fifteen stream sediment samples were collected in the North and South Walnut Creeks 
including locations upgradient of the A and B series ponds to help characterize potential 
contaminant transport through surface waterlsediment pathways Samples were analyzed for 
metals, radionuclides, volatile and semivolatile organic compounds, and pesticides/PCBs The 
sampling and analytical program for stream sediments is summarized in  Tables 2-1 and 2-2 

8 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Table 8- 1 summarizes the maximum detected concentrations and detection frequencies for 
organic compounds and metals, and the results of the background comparison for metals and 
radionuclides detected in the stream sediment samples All analytes were detected at greater 
than 5 percent frequency Background data from streambeds reported in the Background 
Geochemical Characterization Report (DOE 1993) were used for comparison The statistical 
comparisons of metals and radionuclide results to background data are presented in detail in  

Appendix A 

Radionuclides are assumed to be detected at 100 percent frequency (that is, both negative and 
positive results were used in the data set) Radionuclides above background levels are listed 
i n  the concentrationltoxicity screen in Table 8-4 

Organic compounds and inorganic analytes above background levels were included in  

concentrationltoxicity screens to select OU-wide chemicals of concern, with the exception of 
arsenic, manganese, and barium These metals are considered to be naturally occurring, for 
the reasons explained in Section 8 3 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(l )  
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8 3  ELIMINATION OF ARSENIC, MANGANESE, AND BARIUM AS 

CHEMICALS O F  CONCERN I N  STREAM SEDIMENT 

8 3 1 Arsenic 

The statistical background evaluation of arsenic in stream sediments indicated that, because 
of failure of the Gehan test, arsenic in stream sediments was statistically different from 
background and should be retained as potential chemical of concern However, a more in- 
depth review of the data supports the conclusion that arsenic in stream sediments is naturally 
occurring and is not an environmental contaminant 

Summary statistics for arsenic in surface soil and stream sediment are shown in the table 
below The 
reasons for concluding arsenic is not a contaminant in stream sediment follow 

Arsenic in surface soil did not exceed background levels (see Appendix A) 

Arsenic in Surface Soil, mg/kg Arsenic in Stream Sediment, 
m / k g  

Background OU6 Background OU6 

Mean 5 8  5 3  2 4  3 6  
Std Dev 1 8  19 2 5  13 
Maximum 8 5  1 1  0 17 3 5 8  
N 18 119 59 15 * 

Det Freq 100% 100% 49% 93% 

0 The OU6 stream sediment maximum (5 8 mg/kg) is approximately three times 
lower than the background maximum (17 3 mg/kg) The two highest detected 
values (7 3 and 17 3 mg/kg) were in the background samples 

0 The OU6 stream sediment maximum of 5 8 mg/kg is well below the UTL,,,, 
of background (10 mg/kg) and below the background mean plus two standard 
deviations (7 4 mg/kg) 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)( 1) 
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0 Surface soil is the largest source of sediment in stream beds Arsenic i n  OU6 
surface soil did not differ significantly from background Since the maximum 

arsenic concentration i n  stream sediments is equivalent to the mean 

background concentration in surface soil, arsenic is not considered a 

contaminant in  stream sediments in OU6 

8 3 2 Manganese 

The statistical background evaluation o f  manganese in  stream sediments indicated that, 

because of failure o f  the Gehan test, manganese in stream sediments was statistically different 
from background levels and should be retained as a potential chemical of concern However, 

a more in-depth review of the data supports the conclusion that manganese in stream 

sediments is naturally occurring and is not an environmental contaminant 

Summary statistics for manganese in surface soil and stream sediment are shown in the table 

below Manganese in  surface soil did not exceed background levels (see Appendix A) The 

reasons for concluding manganese is not a contaminant in stream sediment follow 

Manganese i n  Surface Soil mg/kg Manganese i n  Stream Sediment, 
mdkg 

Background OU6 Background OU6 

Mean 443 265 217 366 
Std Dev 457 114 225 240 
Maximum 2220 823 1280 1000 
N 18 119 59 15 * 

Det Freq 100% 100% 80% 100% 

0 The OU6 stream sediment maximum (1000 mg/kg) is lower than the 

background maximum (1280 mg/kg) The next highest OU6 stream sediment 
concentration was 639 mg/kg, which is below the maximum values detected 
i n  background and OU6 surface soils 

(4047 822 001 I 843) (TM4) (08 22 94 4 07pm)(I) 
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0 Surface soil is the largest source of sediment in stream beds Manganese in 
OU6 surface soils did not exceed background levels The mean manganese 
concentration in  stream sediments (366 mg/kg) is below the mean background 
concentration in surface soil (443 mg/kg) Therefore, manganese is not 
considered a contaminant in stream sediments in OU6 but is considered to be 

the result of naturally occurring manganese in native geologic materials 

8 3 3  Barium 

The statistical background evaluation of barium in stream sediments indicated that, because 
of failure of the Gehan test, barium in OU6 stream sediments was statistically different from 
background and should be retained as a potential chemical of concern However, a more in- 

depth review of the data supports the conclusion that barium in stream sediments is naturally 
occurring and is not an environmental contaminant 

Summary statistics for barium in surface soil and stream sediment are shown in the table 
below Barium did not exceed background levels in surface soil The reasons for concluding 
barium is not a contaminant in  stream sediment follow 

Barium in Surface Soil, mglkg Barium in Stream Sediment, 
mdke: 

Background OU6 Background OU6 

Mean 
Std Dev 
Maximum 
N 
Det Freq 

194 147 
84 52 

470 272 
18 119 

100% 100% 

7 8  
56 

244 
57 

100% 

107 
32 

177 
15 

100% 

e The OU6 sediment maximum (177 mg/kg) is lower than the background 
maximum (244 mg/kg) 

(4047 822 001 1 84'3) (TM4) (08 22 94 4 07pm)(l) 
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0 The OU6 sediment maximum of 177 mg/kg is below the background UTL99/99  

of 251 mg/kg and below the background mean plus two standard deviations 
(190 mg/kg) 

0 Surface soil is the largest source of sediment in stream beds Barium in OU6 
surface soils was not statistically different from background Since the 
maximum barium concentration In stream sediments is comparable to the mean 
concentrations in  surface soil, and barium in surface soil does not exceed 
background levels, barium is not considered a contaminant in stream sediments 
in OU6 

Other metals included in the concentrationltoxicity screens may also be naturally occurring 
but were not evaluated in detail 

8 4 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for chemicals of concern in stream sediments are presented in 
Tables 8-2 through 8-4 All analytes that contribute at least 1 percent of the total risk factor 
are retained as OU-wide chemicals of concern for quantitative risk assessment The metal 
chemicals of concern in sediment were also identified as being above background levels in 

surface soil Chemicals of concern are listed below and in Table 8-5 

(4047 822 001 I 843) (TM4) (08 22 94  4 07pm)(I) 
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OU-Wide Chemicals of Concern 
Stream Sediments 

Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(a)anthracene 

Indeno( 123-cd)pyrene 
Chrysene 

Cobalt 
Strontium 
Vanadium 

Zinc 
Plutonium-239,240 

Americium-24 1 

The occurrence of organic chemicals of concern in stream sediments is shown in  Figure 8-1 
Inorganic chemicals of concern have not been displayed because no results exceeded the 
background mean plus two standard deviations, which is the criterion for data display in the 
Phase I RFI/RI report 

Chemicals of potential concern detected in stream sediments that do not have EPA-established 
toxicity factor are benzo(ghi)perylene, dibenzofuran, and phenanthrene Because of the lack 
of toxicity factors, these compounds cannot be evaluated in a toxicity- or risk-based screen 

to select chemicals of  concern However, their potential contribution to overall risk will be 
evaluated qualitatively in the risk assessment for OU6 

8 5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 

COMPOUNDS 

There were no compounds detected in  stream sediments at less than 5 percent frequency, so 
the RBC screening evaluation for infrequently detected compounds was not performed 

(4047 822 001 I 84’3) (TM4) (08 22 94 4 07pm)(l) 
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TABLE 8-1 
ROCKY FLATS OU6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY''' 

STREAM SEDIMENT 

M a m u m  Detected Detecuon 
Concentration Frequency Inorgmc 

Cheinlc.,il (mgfig) 76 PCOC 7 (*) 

Organic Compounds 
Acenqhthene 0 13 7 
Acetone 0 063 7 
Anthracene 0 15 20 
Benzo(n)anthracene 0 43 27 
Benzo(a)pyrene 0 48 73 
Benzo(h)fluor'anthene 0 65 27 
Benm(g,h i)perylene 0 16 13 
Benzo(k)fluor,mthene 0 23 20 
B~IIZOIC 'icid 0 51 33 
Btnzyl ,iIc.ohol 0 04 1 7 
Bis(Z-ethylht .~yl)ph~~' l te  0 19 27 
Butyl henzylphthaJate 0 12 7 
Chrysent 0 51 33 
DI-n-butyl phthalate 0 075 33 
Di benzofurm 0 037 7 
Fluormhene 1 47 
Fluorene 0 089 7 
Indene( 1 2 3-cd)pyrene 0 18 20 
Methyltne chlonde 0 007 7 
N,iphth,ilene 0 046 7 
Phen,ui thrent 0 75 33 
Pyrene 0 96 33 

Metals 
Aluininum 1 1600 100 No 
Antunony 26 7 13 N O  

Arwnic 5 8  93 Yes 
B m u m  177 100 Yes 
Beryllium 1 53 No 
Cadmium 0 8 7 NO 

CL\ iii in 18 1 47 No 
Chromium 12 -4 100 No 
Cob'tlt 12 4 100 Yes 
Copper 17 7 60 No 
Ledd 94 8 100 No 
Lithium 15 2 93 No 

(4W7 822 MI 1443) (THL8 IXLS) (8/1444/9 IO AM) Sheet 1 ot 2 
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TABLE 8-1 
(Concluded) 

Mdxunum Detected Detection 
ConLentreition Frequenc. y 

Chernicd (mg/kg) v/o > Background? 
Manganese 1000 100 Yes 
Mercury 0 13 27 No 
Nickel 19 2 47 No 
Selenium 0 45 13 No 
Silver 1 4  7 No 
Strontium 95 8 100 Yes 
Th,illium 0 46 13 No 
Vmdiurn 3.3 9 100 Yes 
ZinL 178 100 Yes 
' I )  All detected an[ilyte? were detected [it a frequency greater than 5 percent 

B'wed on background compmson (Appendix A) 
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TABLE 8-2 
ROCKY FLATS PLANT OU6 

CONCENTRATION/TOXICITY SCREEN 
STREAM SEDIMENT 
NONCARCINOGENS 

Maximum 
Detected Inhalation Oral h s k  k s k  % of Total 

Chemical Conc (mg/kg) RfD RtD Factor Index Risk Factor 
Vmadiuin 33 9 nla 7 OE-03 4 8E+03 8 2E-01 82 4 
Zinc 178 nla 3 OE-01 5 9E+02 1 OE-01 10 1 
Cob'ilt 12 4 nla 6 OE-02 2 1E+02 3 SE-02 3 5  
Stronrium 95 x n/,i 6 OE-01 1 6E+02 2 7E-02 2 7  
PyrLne 0 96 nl'i 3 OE-02 3 2E+01 S 4E-03 O S  
Fluormthene 
Bt~(2-erhylhexyl)phr~~l ' i t~  
Fluorene 
Acenqhthene 
Ndphthalene 
Di-n-butylphthalate 
Acetone 
Butyl benzylphthalate 
Anthr'tcene 

BLnLotc  id 
B L t l / Y l  <iILOhOl 

1 
0 19 
0 089 
0 13 
0 046 
0 075 
0 063 
0 12 
0 15 
0 041 
0 51 

4 OE-02 
2 OE-02 
4 OE-02 
6 OE-02 
4 OE-02 
1 OE-01 
1 OE-01 
2 OE-01 
3 OE-01 
3 OE-01 
4 OE+OO 

2 5E+O1 
9 5E+OO 
2 2E+00 
2 2E+00 
1 2E+00 
7 5E-01 
6 3E-01 
6 OE-01 
5 OE-01 
14E-01 
1 3E-01 

4 3E-03 
16E-03 
3 8E-04 
3 7E-04 
2 OE-04 
1 3E-04 
11E-04 
1 OE-04 
8 SE-05 
2 3E-05 
2 2E-05 

0 4  
0 2  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

Methylene chlonde 0 007 9 OE-01 6 OE-02 1 2E-01 2 OE-OS 0 0  
Totd Rirk F'ictor 5 9E+03 

RfDs are in units of mgkg-day 
nla = not available 

Sheet 1 of 1 
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TABLE8-3 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
STREAM SEDIMENT 

CARCINOGENS 

M'ixnnum 

Detected Inh,ilatm Oral h s k  Rsk 96 of Total 
Chemir'il Conc (mgbcg) Slope Factor Slope Factor Factor Index Risk Factor 
Btnzo(a)pyrene 0 48 nla 7 3E+00 3 5E+00 7 8E-01 78 2 
Benzo(b)fluoranthene 0 65 n/a 7 3E-01 4 7E-01 1 1E-01 10 6 
Benzo(a)anthracene 0 43 nla 7 3E-01 3 1E-01 70E-02 7 0  
Indeno( 1 2 3-cd)pyrene 0 18 nla 7 3E-01 1 3E-01 2 9E-02 2 9  
Chrysene 0 51 nla 7 3E-02 3 7E-02 8 3E-03 0 8  
Benzo(k)fluor,mthene 0 23 n h  7 3E-02 1 7E-02 3 7E-03 0 4  
Bi\(2 Lthylhtxyl)phthil,ite 0 19 Ida I 4E-02 2 7E-01 5 9E-04 01 
R4Llhylmt chloridt 0 007 1 6E-03 7 5E-03 5 3E-05 1 2E-05 0 0 
TorJ Ri\k F,ictor 4 5E+OO 

Slope fdLtors cue in units of l/(ing/kg-day) 
d a  = not available 

(41l47 H22 W11 W 1) (THLB 1 XLS) (8/16/94/y 06 AM) Sheet 1 of 1 
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TABLE 8-4 
ROCKY FLATS OU6 

CONCENTRATION/TOXICITY SCREEN 
STREAM SEDIMENT 

RADIONUCLIDES 

M,ixunum Activity Inh,tktion OrJ h s k  h s k  % of To~il 
Chemical (pC1/g) Slope Factor Slope Factor Factor Index h s k  Factor 
Plutonium-239,240 195 3 8E-08 2 3E-10 7 4E-08 7 6E-01 75 5 
Amenciurn-241 0 75 3 2E-08 2 4E- 10 2 4E-08 2 4E-01 24 5 

Totd Risk Factor 9 8E-08 

Slope factors are in units of l/pCi 

Sheet 1 of 1 



TABLE 8-5 
ROCKY FLATS OU6 

CHEMICALS OF CONCERN 
STREAM SEDIMENTS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluroanthene 
Ideno( 1,2,3cd)pyrene 
Cobalt 
Stronbum 
Vanadium 
Zinc 
Amencum-24 1 
PlutomUm-239,240 

8 
1 
I 
1 
P 
I 
1 
s 
s 
I 

! 8  

8 
I 
I 
I 

18 
1 
I 

, I  

(4047 822 WI 1 843) O L 8  5 XLS) (8/21/94 3 08 PM) Sheet 1 of 1 
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APPENDIX A 
BACKGROUND COMPARISON FOR METALS AND RADIONUCLIDES 

Concentrations of metals and radionuchdes measured m sod, groundwater, surface water, 
and sedunent m OU6 were compared to background concentrations m order to identlfy OU6 
analytes whose concentrations are statistically hlgher than background levels These analytes 
are then identfied as potential chemicals of concern for further evaluation The background 
data used for cornpanson were reported ~tl the Background Geochemical Charactemtion 
Report (DOE 1993), except for the surface soil data, whch were not avadable m the 1993 
report The background surface sod data were collected rn the Rock Creek area dumg the 
1991 OU1 Phase III mvestigation and the 1993 OU2 Phase 11 mveshgation Analytical 
results from each m&um sampled were pooled, and the background cornpanson was 
performed on an OU-wide basis 

The procedures apphed rn the background compansons are shown in the flow chart in 
Figure A-1 (1) data aggregation, (2) statutxal 
background cornpansons, and (3) professional judgement of statistical results Each of these 
steps is discussed below 

Three major steps were involved 

A.l DATA AGGREGATION 

The chemical data were grouped by medium into seven categones 

8 

0 Surface soil 
0 Pond sedunent 
0 Stream sediment 
0 Groundwater (UHSU) 
0 Pond surface water 
0 Baseflow stream surface water 

Subsurface sod in the upper hydrostratigraphic umt (UHSU) 

In general, each medium has 29 analytes for metals and 13 analytes for radionuclides, as 
unfiltered or filtered concentrations Soil m&a (surface soil, subsurface soil, pond 

(4047 821 ooo9 841) (TM-4 A) (08 21 94 3 27pm) A- 1 
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sedment, and stream sedunent) were each analyzed for metals and radionuchdes, totahg 
eight medla-analyte groups Liquid media (groundwater and pond surface water) were each 
analyzed for fdtered and unfiltered metals and filtered and unfiiltered radionuchdes 
Therefore, there are a total of 16 media-analyte groups to be evaluated m the background 
compansons, as shown m Table A-1 

Most of OU6 medm-analyte groups were compared dmt ly  to the comspondlng background 
groups Exceptions were pond sedment and pond surface water due to the lack of 
background pond data Background data from seep/spnng samphg locations (rather than 
from background stream locations) were adopted for compmson to OU6 pond data because 
of the srmllanty of the flow conditions for ponds and seeps/spnngs (both have relatively long 
residence tme) 

A.2 STATISTICAL BACKGROUND COMPARISON 

Background compansons were performed accordmg to the procedures given m the "Guidance 
Document, Stat~st~cal Cornpansons of Site-To-Background Data ~fl Support of RFI/lU 
Investigations" (EG&G 1994), whch was pnmanly based on the methodology proposed by 
Gdbert (Gdbert 1993) The formal statistical tests were the Gehan test, Shppage test, 
Quantde test, and t-test Analytical results were also compared to the upper tolerance limit 
(w,99) of background to identlfy hgh concentrations outside of background range The 
conditions for applying each of the tests are bnefly discussed below 

A.2.1 Formal Statustical Tests 

Four formal statistical tests were performed to test the dlfference between the background 
and site populations If any of the four statistical tests was sigdicant, the analyte was 
considered to be a potential chemical of concern SigIllfcance was defined as a p value less 
than or equal to 0 05, the Type I (false positive) error rate Non-detects of metals were 
treated as descnbed below for each test All the radionuchde results were treated as detects 

(4047 821 OOO9 841) (TM4 A) (OS 21 94 3 27pm) A-2 
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1 Gehan Test 

The Gehan test (Gehan 1965, explaned m G~lbert 1993) is a non-parametnc 
rankrng test It was performed for all the media-analyte groups For non- 
detects, the reportmg hmits were used for mlung purposes 

2 Shppage Test 

The shppage test (Rosenbaum 1954), a non-parametnc test, was performed 
by compamg the OU6 measurements to the maxtmum background 
measurement (detect or non-detect) The p-value for the probablllty of the 
number of site measurements greater than the maxlmum background 
measurement was calculated Reportmg h i t s  were used for non-detects 

3 Quantlle Test 

The Quantde test (Gilbert and Sunpson 1992), a non-pammetnc test, was 
performed by fmst ranlung the combrned background and OU6 measurements 
from largest to smallest If there were no non-detects among the top 20% of 
the combmed background and OU6 measurements, the probabhty of the 
number of site measurements w i t h  the top 20% of the data set was 
calculated If there were any non-detects among the top 20% of the 
measurements, no Quantlle test was performed 

4 t-Test 

The t-test, a parametnc statistical test, was performed under these conditions 
that (1) the non-detects m each of the data sets represent less than 20% of the 
measurements, and (2) EITHER each of the data sets contatns at least 20 data 
pomts, OR both of the data sets are normally distnbuted 

For sunphcity, the t-test was only performed when condition (1) and the first 
option of condition (2) were met Non-detect results for metals were replaced 
by one-half the reportmg h i t s  

(4047 821 OOO9 841) (TM-4 A) (08-21 94 3 27pm) A-3 
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The homogeneity of the vatlilllce was tested followmg Levene’s test (EPA 
1992) If the vanances from both data sets were the same, the standard t-test 
was performed If the vmances were not the same, the unequal vanance t- 
test @else1 and Hmch 1992) was performed 

A.2.2 Upper Tolerance Limit (UT&m) Cornpallson 

For each medm-analyte m the background data, an upper tolerance h i t  with 99% 
confidence and 99 % coverage (Wlw) was calculated, assummg the background data were 
normally distnbuted (EG&G 1994) In calculatmg the UTL, d non-detects were less than 
80% of the data, one-half the reportmg h i t  was used as the result for non-detect samples 
Otherwise, the m m u m  background measurement, rnstead of the was used m the 
compmsons For the radionuchdes, all the results were treated as detects (EG&G 1994) 

Each of the OU6 measurements was compared to the U&,9/w If one or more OU6 
measurements exceed the background the analyte was considered as a potential 
chemical of concern for further evaluation, even if the analyte did not exceed background 
levels accordmg to the formal statistical evaluation 

A.3 BACKGROUM) COMPARISON RESULTS 

The number of morgmc potential chemicals of concern m each media-analyte group 
resultmg from the background cornpansons is summanzed ~II  Table A-1 Out of 374 media- 
analytes, 142 media-analytes were identlfied as above background based on the formal 
statistical tests An additional 32 media-analytes were identified as above background based 
on the Ul&9/w compmson alone 

The summary tables for the background cornpansons for each media-analyte group are 

presented in the remamng tables m Appendlx A 

(4047 821 ooo9 841) VM-4 A) (08 21 94 3 27pm) A-4 
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A.4 PROFESSIONAL JUDGEMENT FOR STATISTICAL RESULTS 

Statistical professional judgement was apphed for those media-analytes that were below 
background accordmg to the formal statistical tests but faded the compmsons The 
professional judgement consisted of performmg a log-normal UTL,,,, compmson If the 
background data were log-normally distnbuted 

Accordmg to the background cornpanson methodology (EG&G 1994), the VI&,/, was 
calculated assummg a normal distnbution of background data However, log-normal 
distnbution may better descnbe some geochemical data, as mdicated m the Statistical 
Analysis of Ground-Water Momtomg Data at RCRA Fachties (EPA 1992) Log-normal- 
based W 9 / , s  were calculated for media-analytes that passed the formal statistd tests but 
faded to pass the normal-based W,,, cornpanson If a media-analyte passed the log- 
normal-based -/,, compmson, probablllty plots were generated for both normal and log- 
normal distnbutions If the probablllty plots mdicated that the data better fit a log-normal 
distnbution, the media-analyte was elmmated from the potential chemical of concern hst 

The results of the log-normal-based compansons are presented m the remark 
column m the summary tables Based on the results of the log-normal UTI+,/, cornpanson, 
the followmg ten analytes were elmmated as potential chemicals of concern 

Medium 

Surface Sod 

Subsurface Soil 

Groundwater 

Pond Sediment 

(4047 821 OOO9 841) (TM4 A) (08 21 94 3 2 7 p )  

Analyte 

Alummum 
Cadmium 
Umum-233,234 

Copper 
Total (unfiltered) Tm 
Flltered Fbdium-228 

Berylhum 
Cadmium 
Nickel 
Tntium 

A-5 
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I APPENDIX B 

RISK-BASED EVALUATION OF INFREQUENTLY DETECTED CHEMICALS 

B.l PURPOSE AND APPROACH 

The chemicals o f  concern evaluated in a quantitative human health risk assessment are the 
subset of all site-related chemicals that are thought to pose the greatest potential risk to 
human health The determination that these chemicals may pose the greatest potential risk 

is generally based on an evaluation of  the followng three criteria 

0 The inherent toxicity of  the chemical 

0 The concentrabons of  the chemical found on-site and 

0 The potential for human exposure to the chemical (e g , whether or not the 
chemical is wdely distributed across the site or could readily migrate from the 
site) 

In general, compounds found at low frequency (4% of all samples for a particular media) 
are not included as chemicals of concern because the potenbal for human exposure is limited 
However, all infrequently detected compounds were evaluated according to the procedures 
shown in Figure 2-1 so as not to neglect infrequently detected chemicals that could contribute 
significantly to risk i f  they were co-located wth other potentially hazardous compounds at 
source areas or locations where roubne exposure could occur 

This evaluation examines those metals (detected above background) and organic chemicals 
that were initially excluded from the chemicals of  concern based on low frequency of 
detection, using a health-based screening approach A screening evaluation was performed 
using risk-based concentrations (RBCs) calculated in guidance provided by DOE (1 994) The 
screening evaluation was performed for all low-frequency chemicals for which RBCs were 
avilable As a benchmark, it was assumed that any infrequently detected chemical whose 
maximum concentration was greater than 1000 times the RBC warrants further evaluation 
The purpose is to identify those infrequently detected chemicals that may pose an 

(4047 822 0011 843) (R2 8) (08 17 94 10 52m)(l) B-1 
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unacceptable health risk (cancer or non-cancer) i f  chronic exposure were to occur These 
chemicals are retamed for separate evaluation in the risk assessment Since they are not 
characteristic o f  contamination in OU6, nsk w11 be assessed separately at the locations where 
the special case chemicals are found 

RBCs for surface soil were calculated assuming a residential exposure scenario, using 
standard toxicity values ( m s  and SFs) established by EPA, and using the exposure 
assumptions outlined below (DOE 1994) For surface soils, pond sediments, and stream 

sediments, multiple pathway exposure was assumed (ingestion and inhalation o f  particulates) 
in calculating RBCs The RBC for residential soil (surface soil) is used for surface soil, pond 
sediment, and stream sediment in this evaluabon For carcinogenic effects the target excess 
lifetime cancer risk is assumed to be 10 (1 in l,OOO,OOO), the exposure frequency is 350 
daydyear, exposure duration is 30 years, averaging time is 70 years, daily inhalation rate is 
20 m3/day, the particulate emission factor (for non-volatde organics and inorganics) is 4 63 
x lo9 m’kg, body weight is 70 kg, and the age-adjusted soil ingestion factor is 114 mg-yrkg- 

day All exposure parameters are EPA standard default exposures for adult residents, except 
for soil ingestion, which is a time-weighted average for child and adult exposures For 
noncarcinogenic effects, all of  the exposure parameters are the same as the carcinogenic 
exposure parameters except the averaging time is 30 years and instead o f  a target excess 
lifetime cancer risk, the target hazard index is 1 

RBCs for subsurface soil were calculated assuming a construction worker exposure scenario, 
using standard toxicity factors and the exposure assumptions outlined below (DOE 1994) 
Multiple pathway exposure, including ingestion of  soil and inhalation of  particulates and 
VOCs, were used to calculate RBCs The carcinogenic RBC for construction worker 
exposures to subsurface soil assumes the followng the target excess lifetime cancer risk is 
10 (1 in l,OOO,OOO), the exposure frequency is 30 daydyear, exposure duration is 1 year, 
averaging time is 70 years, daily inhalation rate is 6 64 m’/day, the particulate emission factor 
is 4 63x109 m3/kg, body weight is 70 kg, the soil ingestion factor is 50 mg/day and the soil- 
to-air volatilization factor is chemical-specific All exposure parameters are EPA standard 
default exposures for construction workers For noncarcinogenic effects, all o f  the exposure 
parameters are the same as the carcinogenic exposure parameters except the averaging time 
is 30 years and instead of a target excess lifetime cancer risk, the target hazard index is 1 

(4047 822 0011 843) (R2 B) (08 17 94 I O  52m)(l) B-2 
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The RBCs for groundwater assume a residential scenario including ingestion and inhalation 
of volatile organic chemicals released during use The residential groundwater RBCs are also 
used in the evaluation of pond surface water, even though surface water is not expected to 
be used for domestic drinking water The RBCs for residential groundwater are more 
conservative than the RBCs for residential surface water (based on swmming exposures), 
therefore providing more stringent screening critena for chemicals found in pond surface 
water The exposure parameters for groundwater are target excess lifetime cancer risk of 
10 (1 in l,OOO,OOO), body weight of 70 kg, averaging ttme of 70 years, exposure frequency 
of 350 days/yr, exposure duration of 30 years, duly indoor inhalation rate of 15 m3/day, a 
volatilization factor (for volatile organic chemicals) of 0 5 L/m3, and a duly ingestion rate 
of 2 L/day For 
noncarcinogenic effects, all of the exposure parameters are the same as the carcinogenic 
exposure parameters except the averaging time is 30 years and instead of a target excess 
lifetime cancer risk, the target hazard index is 1 

All exposures are EPA standard default exposures for adult residents 

B.2 SURFACE SOIL 

One metal (molybdenum) and one PCB (Aroclor-1254) were detected at low frequency ( 4 %  
detection) in surface soil samples Table B-1 presents a comparison of the maximum detected 
concentrations to the health-based screening criteria (both cancer and non-cancer) Chemicals 
whose maximum detected concentration were greater than 1000 times either the cancer or 

non-cancer RBCs wll be retained for further evaluation as special case chemicals of concern 
Table B-1 shows that neither molybdenum nor Aroclor-1254 had concentrabons above 1000 
times the RBC, and therefore they wdl not require further evaluation in the risk assessment 

B.3 SUBSURFACE SOIL 

Twelve VOCs and SVOCs were reported at less than 5 percent frequency in subsurface soils 
These are listed in Table B-2 None of the twelve chemicals exceeded the 1000 times the 
RBC, and therefore they wll not require further evaluation in the risk assessment 

(4047 822 001 I 843) (RZ E) (08 17 94 10 52m)(l) B-3 



B.4 GROUNDWATER 

Table B-3 lists 13 organic chemicals detected at less than 5 percent frequency in groundwater 
Of these, two (1,2,4-trimethylbenzene and 2-hexanone) do not have RBCs Table B-6 shows 
the two additional chemicals detected at low frequency in all media for which there are no 
RBCs Vinyl chloride was the only chemical detected at concentrations exceeding the 
screening level criteria and it w11 require further evaluation in the risk assessment 

B.5 POND SEDIMENT 

Twelve VOCs, SVOCs, pesticides and PCBs were detected at less than 5 percent frequency 
in pond sediments Dibenmfuran and 2-methylnaphthalene were detected at low frequency, 
but do not have RBCs and are listed on Table B-6 The remaining ten chemicals are listed 
on Table B-4 None of the 10 chemicals were detected at concentrations exceeding 1000 
times the RBC, and they wd1 not require further evaluation in the risk assessment 

B.6 POND SURFACE WATER 

Table B-5 lists the two chemicals (1,2-dichloroethane and tetrachloroethene) detected at low 
frequency in pond surface water Neither chemical exceeded the screening-level criteria, and 
they w11 not require further evaluation in the risk assessment 

B.7 STREAM SEDIMENT 

No chemicals were detected at low frequency in stream sediments, therefore, a screening-level 
evaluation was not performed 
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TABLE B-1 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO RBCs 

SURFACE SOIL 

Maximum Residential 
Detected so11 Max Cone> Max Conc > 

Chemical Conc ( m a g )  RBC(mglkg) RBC? 1000 x RBC? 
Organic Compounds 
Aroclor-1254 0 425 8 32E-02 YES NO 

Metals 
Molybdenum 9 9  137E+03 NO NO 

(4047 822 001 1 843) (APP B XLS 5) (8/16/94 10 02 AM) 

- 
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TABLE B-2 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO RBCs 

SUBSURFACE SOIL'" 

1 
I 
1 
1 
E 
1 
I 
I 
I 
t; 

I 
I 
I 
I 
I 
E 
I 
8 
I (4047822Doll 843)(APPBXLS4)(8/17/9411 04AM) 

Maxlmum Construchon 
Detected Worker Max Cone> Max Conc > 

Chemcal Conc ( m a g )  RBC ( m a g )  RBC? 1000 x RBC? 
Organic Compounds* 
1,4-Dichlorobenzene 0 064 4 97E+04 NO NO 
4-Methyl-2-pentanone 0 004 8 52E4-05 NO NO 
Acenaphthene 0 056 102E4-06 NO NO 
Benzene 0006 3 27E4.00 NO NO 
Benzo(a)anthracene 0 099 163Ei-03 NO NO . .  
BenzoQfluoranthene 0 06 163E4-03 NO NO 
Chlorobenzene 0 074 2 11Ei-01 NO NO 
Chloroform 0 002 170Ei-05 NO NO 
Chrysene 0 12 163E+05 NO NO 
Diethyl phthalate 03 136Ei-07 NO NO 
Di-nsctyl phthalate 0 072 3 41E+05 NO NO 
Indeno(l,2;3ai)pyrene 0 099 163E4-03 NO NO 
Pentachlorophenol 0 66 9 93Ei-03 NO NO 
Phenol 0 055 1 02E+07 NO NO 
Styrene 0 001 3 41E+06 NO NO 
Tnchloroethene 0 021 108E+05 NO NO 
Xylenes, total 0 002 3 41EW7 NO NO 

(I) Excludng Old Outfall (MSS 143) 

Sheet 1 of 1 



TABLE B-3 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO RBCs 
UHSU GROUNDWATER 

Maximum Residenbal 
Detected Groundwater Max Cone> Max Conc > 

Chemical Conc (mgll) RBC(mg/l) RBC? 1000 x RBC? 
Organic Compounds 
1.1 -Dichloroethene 0 005 167E-05 YES NO 
1,2-Dichloroethane 0 002 1 97E-04 YES NO 
1.2-Dichloroethene, trans"' 0 009 3 28E-01 NO NO 
2-Butanone 0 001 2 47E+00 NO NO 
4-Methyl-2-pentanone 0 002 1 98E-01 NO NO 
Benzene 0 003 6 15E-04 YES NO 
Carbon disulfide 0 004 2 76E-02 NO NO 
Carbon tetrachlonde 0 008 2 60E-04 YES NO 
Chloromethane 0 00025 2 32E-03 NO NO 
Ethylbenzene 0 001 1 58E+00 NO NO 
Styrene 0 0001 1 2 01E+00 NO NO 

Xylenes (total) 0 014 7 30EM1 NO NO 
Vinyl chloride 0 86 2 81E-05 YES 7 1  

( I )  The RBC for 1,2-Dichloroethene, total was used 

(40478220011 843)(APPBXLS 3)(8/16/94 I O O Z A M )  Sheet 1 of 1 



I 
1 
1 
1 
8 
I 
R 
1 
0 
I 
1 
8 
I 
I 
I 
I 
1 
I 
1 

(4047 822-001 1 843) (APP B XLS 2) (8/16/!34 IO 02 AM) 

TABLE B-4 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO RBCs 

POND SEDIMENT 

Maximum Residential 
Detected so11 Max Cone> Max Conc > 

Chemical Conc (mgkg) RBC(mgkg) RBC? 1000 x RBC? 
Organic Compounds 
1,2,4-Tnchlorobenzene 0 13 2 74E+03 NO NO 
4-Methyl-2-pentanone 0 006 137EM4 NO NO 
Aldrin 0 054 3 77E-02 YES NO 
Aroclor- 1260 0 86 8 32E-02 YES NO 
D~benzo(a, h)anthracene 0 15 8 7 7 5 0 2  YES NO 
Fluorene 0 46 1 10Ei-04 NO NO 
gamma-BHC (Lindane) 0 025 4 93E-01 NO NO 
Heptachlor 0 039 1 42E-01 NO NO 
Naphthalene 0 39 1 10E+04 NO NO 
Phenol 0 29 165EM5 NO NO 

Sheet 1 of 1 



I 
I 

I 
I 
I 
It 
c 
8 
I 
I 
I 
I 
1 

a 

I 
1 

i '  
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TABLE B-5 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO RBCs 
POND SURFACE WATER 

Maximum Residential 
Detected Groundwater Max Cone> Max Conc > 

Chemical Conc ( m a )  RBC(mg/l) RBC? 1000 x RBC? 
Organic Compounds 
1,2-Dichloroethane 0 001 197E-04 YES NO 
Tetrachloroethene 0 012 143E-03 YES NO 

(40478220011 &13)(APPBXLS 1)(8/16/w1001 AM) Sheet 1 of 1 



TABLE B-6 
ROCKY FLATS OU6 

INFREQUENTLY DETECTED COMPOUNDS 
WITHOUT RBCs 

Chemical 
Groundwater 

1,2,4-Tnmethylbenzene 
2-Hexanone 

Pond Sediment 
2 -Methylnaphthalene 

Dibenzofuran 

(4047 822 001 I 843) (APP B XLS-6) (8/16/94 10 02 AM) Sheet 1 of 1 
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APPENDDL C 
TOTAL SUSPENDED AND DISSOLVED SOLIDS IN GROUNDWATER 

$4047 821-0009 841) (TM-4 C) (08 22 94 4 37pm) 
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ROCKY FLATS PLANT OU-6 
T( )TAL SU9PFNJ)EJ) C( )LIDS 

I_- 

17x6 
17x6 
1786 

(J W 036301T 30/7/92 TOTAL SUSPENDED SOLIDS 159000 5 0 0  MG/L V 
(I WOO1 38W C 2/1/93 TOTAL SIJSPENDED SOLIDS 1100000 5 0 0 M G R  V 

( Jw00557wc 4/16/93 TOTAL SUSPENDED SOLIDS 6700 00 4 00 MG/L 

10x7 l(rW023131T 1 2121/921TOTAL SUSPENDED SOLIDS 39001 4001MGR 1 V 
10x7 !GW027901T 4/28/92 1 TOTAL SUSPENDED SOLIDS 19001 4001MGL I Iv 
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1 
ROCKY FLATS PLANT OU-6 
TOTAL SUSPENDED SOLIDS 

I 
1 
1 
I 
I 
I 
i 
IC 

I 
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1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
i 

II 
' I  
I ' I  

I 

1287 GWOOl13WC 2/1/93 TOTAL S1ISI'ENI)EI) SOLIDS 1700000  5 00 MG/L I V 
7287 QWOO519WC 4/8/93 TOTAL SIJSPENDED SOLIDS 2 5 0 0 0 0  4 0 0  MWL I V 
7287 (rWO1113WC 8/9/93 TOTAL SUSPENDED SOLIDS 9 3 8 2 0 0  5 0 0  M(]/L 1 V 
72x7 ( ;wo1391wc 10/13/93 TOTAL SIJSPENDED SOLIDS 500000 4 0 0  MG/L IV 

I 

76202 ( rW00467WC 3/22/93 TOTAL SIISPENIIED SOLIDS 2000 5 0 0  M(i/L I 
7h202 (1W00513WC 4/21/93 TOTAL \I I\I'ENI)ED \OLII)S 700  00 5 00 Mb/L 
77-11)? ' (  IWO(l?hOW( 7/22/07 TOTAL \I I4F'ENI)EI) SOLIDS 1700 00 5 00 M( I/L 

R?O(r lX ' ,  - t W ~ X , O S R I T  I '4/12/Vl TOTAL \I I\PENI)EI) \OLII)S 81 00 5 00 M(W JA 
H2064X'j (iW015251T 7/16/91 TOTAL SIJ5PENDEI) SOLIDS 1 9 0 0  4 0 0 M G L  I 
B206489 (1W0195917 10/31/91 TOTAL SUSPENDED SOLIDS 2000 4 0 0  MGR. V 
R206489 GW02310IT 2/20/92 TOTAL SUSPENDED SOLIDS 1 4 0 0  4 0 0 M G R .  V 
B206489 GW02720IT 4/16/92 TOTAL SUSPENDED SOLIDS 2 1 0 0  4 0 0  MGR. V 
H20h4X9 GW032461T 7/30/92 TOTAL SUSPENDED SOLIDS 900 4 0 0  M ( I L  V 
H206480 GW00116WC 2/2/93 TOTAL SUSPENDED SOLIDS 900 500 MCiR. V 
IJ20h489 (1W00522W( 4/8/93 TOTAL SIJSPENIIEI) SOLIDS 31 00 4 0 0  MWL V 
H20hTX0 i(iW(m0471T 1/12/91 TOTAL \I I\PENI)EI) 5OLII)S 800 5 0 0  M(i/L JA 

I 

__t 

_i_ _ _  
77402 lWOO514W( I 4/21/93 TOTAL SI I\PENI)ED 5OLII)S 3500 00 5 00 M(r/L 

___ 

-_ , 
! ;  i 7/16/91 TOTAL \I i\fi13L)EI) 5OLII15 140 00 4 00 M( i/L I ___ IJ2IIO'i\O (nWOI52hlT __- - 

I 
IC?IIf>5\~, (vWlll')hllT 1 1 0 / 7 1 / ' J ~ T A L  \I '4PENI)CI) \()LID\ 4 00 4 00 M(r/L 11 IV 
IWIhWJ t(~\4y27!g- - - 2/7/fJ2:TOTAL \ I  "#ENDEL) \OLII)\ I 4001 400 M(i/L jv 
I Q ~ I h S Y ' ~  (nW0272111 j 4Rl/<J21TOIAL \IISI'ENI)EI) \OLII)\ 4 00 4 00 MCJL I I V 
1{2(I(>SY'l (iW01O')l IT 7/14/'J2/TOTAL \ I  I\PENDEI) SOLID5 4 00 4 00 M ( ~ L  r V 
B206589 1 G W03609IT 10/6/421TOTAL SUSPENDED SOLIDS 5 0 0  5 0 0 M G R .  IJ V 

- ~ _____ ~ - 
I 

_ _ _ _  ___ - 
-~ 

1 

ROCKY FLATS PLANT OU-6 
TOTAL SUSPENDED SOLIDS 

~ 2 0 6 5 8 ~ )  ~ G W O O I  i n w c  

72Yl (IWOVIXOIT jv 
I 619001 5001MGR. 1 Iv --1 -- _ _ _  - 

7287 I (~W03604IT lOn/921TOTAL SUSPENDED SOLIDS 

znp3 ]TOTAL SUSPENDED SOLIDS 5001 500]MG/L IU Iv 
E4206580 lGWOO524WC 4/16/931TOTAL SUSPENDED SOLIDS I 35001 4001MWL , 
14206589 (rW01 I18WC 8/12/93 TOTAL SUSPENDED SOLIDS 4 0 0  4 0 0  MG/L LI V 
HZ(165XV (iW01406WC 11/5/93 TOTAL SUSPENDED SOLIDS 500 4 0 0  MG/L V 
I42OhSX0 bW00038GA j 1/20/94 TOTAL SIJSPENIlEI) SOLIIlS 4 0 0  400 MGR. U Y 

i c . owo  -- j ( , w o i ~ n  __I_ r I 7/16PJ1 TOTAL \I WEhDEL) \()LID\ 4 00 4 00 M(i/L I '  

IC21 lhh Y'J ( 1 W(XI'J 7'3 I T  'Vl2/'5Ji TOTAL \ll\I'ENI)EI) \OLII)\ 600 50OMG/L JA - - _ _ _ _ _  
I 

j lO/1l/Vi TOTAL SII\F'EhI)EI) S0LII)S. 5 00 4 CK) MciL V 
t i m h Y o  I (  ,WOY 1 2 1 ~  2/22/')2 TOTAL SI I\PENI)EI) \OLIDS 5 00 4 00 M(r/L V 

U2(166X(J (~W030921T 7/16/02 TOTAL SUSPENDED SOLIDS 4 0 0  4 0 0 M G / L  U V 
E4206689 (rW03610IT 10/6/92 TOTAL SUSPENDED SOLIDS 5-00 5-00 MGR. u V 
H2066Y0 (;WOO1 19WC 2/11/93 TOTAL SUSPENDEII SOLIDS 1 1  00 4 0 0  MGR. V 

- .- [ {?I  Ihh\'J I (  vW0 I'lh2IT - 
I - 

jl42C If6 YO -- ttnWZ722IT I 1 I 4/23/(12 TOTAL 51 15PENI)EI) SOLIDS 4 0 0  4 0 0  M G L  I 1  V 

UZOhhX') 

l E O h 6 Y V  

(1W00525WC 4/21/93 TOTAL SUSPENDEI) SOLlIlS 23001 S00(M(i /L jv 
I 

8/10/93 TOTAL SIISPENDED SOLIDS 900 SOOIM(IL ( I I  __ (1W01 1 19WCy I 

Page 4 

l m t o h v ~  ( I  W01407W( 10/18/9'3 i JA -I TOTAL \I ISPENDEI) FOLIIIS 6 8 0  5001M(i/L 111 1v 



I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
1 
1 
I 

I I 
I 
1 

I 

HZOYOXV I(lW014721T 7/10/91 TOTAL SUSPENDED SOLIDS 600 4 0 0  M ( A  

HZOXOX'I IGWOl820IT 10/8/9 1 TOTAL SUSPENDEI) SOLIDS 2100 4 0 0  MG/L V 
H?llX~lXO l(1W02197IT 1/10/92 TOTAL SI JSI'ENDEI) SOLIDS 2800 4 0 0  M ( I L  V 
imiwx') ' ( l ~ 0 ~ h 1 5 ~ ~  4/10/92 TOTAL Sl IS1'ENI)EI) SOLIDS 5400 4 0 0 M W L  V 
r c o Y o Y o  ( l w o ~ i v r ~  7/15/92 TOTAL 5IIWEhI)EI) SOLIIh 2400 4 0 0  M(IL V 

I 1 WI/'X~ TOTAL 41 IWEN1)ED 4OLIIh 43 on 500 M(X JA 

~ 
_ _ _ _  

I 
I _ _  

- I{?I)YI)Y!, ,(  rWO?hl?IT 
_ I _ _ ~ ,  

UZOY(I\') '(~W0055XW( ' 4/21/91 TOTAL SII4PENI)EI) SOLIDS I 2200 4 0 0  M(i/L IV 
H?oYcrY!, !(IW011?XW( 7/2Xlo3 TOTAL 4IIV'ENI)EI) SOLIDS 1700 400 M(dL V 

4- 

__ 
1 

H2o8589 (rW022271T 1/14/92 TOTAL SUSPENDED SOLIDS 1000 4 0 0  MCdL V 
€3208580 GW026741T 4/10/92 TOTAL SUSPENDED SOLIDS 2200 400MGL V 
H208789 GW02208IT 1/14/92 TOTAL SUSPEN1)ED SOLIW 21 00 400 MG/L V 

I 

H?OX7XII j(iW026381T 4/9/92 TOTAL SI ISPENDEI) SOLIDS 900 4 0 0  M(i/L V 
H2OX7Y9 iCtW031321T 7/21/92 TOTAL SIJSPENDED SOLIDS 800 400 M c i L  V 

1 E O X 7 Y Y  1 (rW036231T 1 10/6/92 TOTAL S1JSPENI)EI) SOLIDS 500 500lM(i/L 111 V __ 
120000 4001M(1/L j H? I O 4 X O  _ -  I ( I WOl5 16IT 7/15/9 1 TOTAL 51 ISPENDEI) SOLID9 I 

I 

ROCKY F L A l 4  PLANT OU-6 
TOTAL $USPENI)EI) SOLIDS 

~- l%2III4\') _ _ _  (gWOlXX31T I l l l R l l ~ ~ l  
I 

3/12/91 [TOTAL SUSPENDED SOLIDS IJA 
"206889 IGWOO527WC 4/22/93 ]TOTAL SUSPENDED SOLIDS 29001 4 0 0 1 ~ ~ ~  ] Iv 

i 

TOTAL \ l lSI '~WLI)  ____I \()LID\ 1 . 20 OO! 4 O C I ~ M (  , IV 
1 I 1 

Ii? I (14 Y') ( I WO??? YlT 1/11/02!T0TAL \Ir\PENI)EI) \OLII)\ j hh 00, 4 00 M(dL I IV 
[C?lO-lX'j j ( iW(I26551T 4/IWJ2 TOTAL SI IVENDEI) \OLII)5 7400'  4 0 0  MIL 1 V 

8210489 lGWOO144WC 2/2/93 TOTAL SUSPENDED SOLIDS 1300 500MGL V 

t- __ _ _ _ _  
____ 

I V 
tC2 1 04XO I (1W(l?h19IT I0/8/(12 TOTAL SI ISPENDEI) SOLIDS 500 500 MWL I J  V 
I(2104X!, 1 (TWO31 XSIT 7/20/02 TOTAL 51 JSI'EN1)EI) SOLIIM 4400 4 0 0  M C i L  ' 

1 
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ROCKY FLATS PLANT OU-6 
TOTAL DISSOLVED SOLIDS 

Page 1 



ROCKY FLATS PLANT OU-6 
TOTAL DISSOLVED SOLIDS 

17x6 lCiW03630IT 
1786 IGWOO138WC 

i 
I 
I 
8 
I 

10/7/92(TOTAL DISSOLVED SOLIDS I 4360001 10001MG/L. [ ( v  
2/1/93jTOTAL DISSOLVEDSOLIDS I 4400001 14001MGL I Iv 

I 
1 Page 2 



1 
I 

41691 
4 169 1 
41691 
41601 

ROCKY FLATS PLANT OU-6 
TOTAL DISSOLVED SOLIDS 

GW00248GA 2/16/94 TOTAL DISSOLVED SOLIDS 49000 1000 MG/L Y 
CrW00274GA 2/18/94 TOTAL DISSOLVED SOLIDS 38800 1000 MGIL Y 
bW0027TGA 2/18/94 TOTAL DISSOLVED SOLIbs 56000 1000 MG/L Y 
(rW00290bA 2/21/94 TOTAL DISSOLVED SOLIDS 830 00 10 00 MGIL Y 
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ROCKY FLATS PLANT OU-6 
TOTAL DISSOLVED SOLIDI 

1 ~ 2 I ) ~ , f , Y ' ~ ~ ~ l ) ~ ' ) ~ (  X/ I I ) /O7 ,  IOTAL l)i\\OLVEI)\OLlI)S j 51 I OOj 14 00 
iwiozv) ( , W ( I I . U I ~ W (  I IO/lXP)q IOTAL I)l\\OLVEl) \OLIIM ' hOO 001 14 00 
H?fIh6S7;r%i%4I)( rA 1/25/94 TOTAL DI\\OLVEI) \OLIDS 1 59000 1000 
t{?OhXXO ( IWOI )9C 1 IT 3/12/0 I TOTAL 1)ISM ILVEI) S0LII)S 356000 1000 
H206889 (Jwoo527w( 4/22/93 TOTAL DISSOLVED SOLIDS 370000 
8208089 CrW01472IT 7/10/91 TOTAL DISSOLVEI) SOLIDS 7 0 0 0 0  
HZOX089 GW01820IT 10/8/91 TOTAL DISSOLVED SOLID5 55000 1000 
RZOXOX9 ( 1  W021 97IT 1/10/92 TOTAL DISSOLVEI) SOLIDS 610 00 10 00 
H2OXOX9 ( rW026351T 4/10/92 TOTAL DISSOLVED SOLIDS 51000 1000 
IIZOYUXO (rW031371T 7/15/92 TOTAL DISSOLVEI) SCILIDS 55000 1000 
B2l)Vl)Yt) (rWO7h72lT lO/h/92 TOTAL DIS\OLVEI) SOLIDS 620 00 14 00 
-_ 

H2OhhX9 (CiW023 121T 2/22/92 TOTAL DISSOLVED SOLIDS I 58000 1000 MWL j V 
H206689 ICiW027221T 4R3/92 TOTAL DISSOLVED SOLIDS I 48000 1000 M G L  / V 

V 

M(,/L / v  
M(i/L IV 
MCiR. Y 
MG/L JA 

1000MGR. V 
10OOMG/L 

MG/L V 
MG/L V 
Mb/L V 
MG/L V 
M ( X  V 

H2104X9 
1i?I(l4Y9 

. .  

(iW015161T I 7/15/91 TOTAL DISSOLVED SOLIDS 1 760000 1000/M(i/L I 
(rW018871T ] IORlfll TOTAL DISSOLVED SOLIDS I 490000 10001MG/L [ [ v  
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ROCKY FLATS PLANT OU-6 
TOTAL DISSOLVED SOLIDS 
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